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INTRODUCTION 
Modem insect pest management cannot operate properly without accu­
rate and reliable assessments of pest density and plant damage, and their 
effects on yield. Therefore, knowledge of population dynamics of a pest 
and its natural enemies is necessary for optimizing control strategies. 
Recently, researchers have intensified investigations on the phenology 
of soil-inhabiting corn pests. Two examples of such pests in Iowa are the 
black cutworm, Agrotis ipsilon (Hufnagel), and the corn rootworm complex, 
Diabrotica spp. Except for the European corn borer, Ostrinia nubilalis 
(Hiibner) and fall arnyworm, Spodoptera p-nigiperda (J. E. Smith), however, 
little is known about the economic importance of corn defoliators. 
Defoliation can reduce root weight and growth (Wright, 1962), which 
ultimately favors shoot growth over root growth. Therefore, the root must 
divert its energy and development into increasing the supply of water and 
minerals to the shoot. The loss of photosynthate and subsequent diversion 
of energy into compensation for defoliant injury can eventually result in 
weakened, reproductively underdeveloped plants. Damaged plants, in turn, 
may compete v.ith surrounding healthy plants, reducing availability of 
nutrient J and water, and may ultimately contribute to yield losses. 
Throuihout the Midwest, the armyworm (AW), Pseudaletia unipuncta 
(Haworth), ic a corn defoliator that seemingly is increasing in population 
density. Concurrently, therefore, its importance to growers is increas­
ing. AW larvae feed on a wide range of crops and grasses, including oats, 
barley, alfalfa, and beets (Davis and Satterthwait, 1915). Another 
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important coimnodity damaged by AW larvae is corn. Little is known, how­
ever, concerning the extent of damage and economic importance of the pest. 
The rapid acceptance and use of reduced tillage methods in the Midwest may 
further compound AW problems. Therefore, more research must be conducted 
to determine the impact of AW larval populations on the economy of Iowa 
growers. The present studies elucidate AW bionomics within conventionally-
tilled cornfields by answering several questions. 
(1) What stadium of larval development, at a particular infestation' 
density, appreciably affects corn yields? 
(2) Do leaf area, dry matter and other pertinent corn growth measure­
ments, taken during larval infestation, reflect the feeding 
abilities of the stadia at each infestation density? 
(3) Is a subjective appraisal of AW larval feeding behavior adequately 
reflected by the amount of undamaged leaf tissue? 
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LITERATURE REVIEW OF THE BIOLOGY AND BEHAVIOR OF THE ARMYWORM, 
PSEUDALETIA UNIPUNCTA (HAWORTH) 
Introduction 
The first comprehensive work on AW biology was conducted by C. V. 
Riley (1870) in his Second Missouri Report. A complete record, including 
Riley's initial and subsequent articles, is included in the 1883 report of 
the Entomological Commission. Riley's report encompassed nearly every as­
pect of AW bionomics, systematics, and control known at the time. 
Many subsequent contributions appeared on AW biology and habits 
throughout the United States and Canada (SIingerland, 1897; Garman, 1908; 
Knight, 1916; Flint, 1920; Mickel, 1932; Walton and Packard, 1947; Bree-
land, 1957). Though these publications provide a thorough description of 
AW habits and control, Breeland (1958) supplies perhaps the most compre­
hensive compilation of information on this insect. Additionally, the 
works of Breeland (1957) and Riley (1883), when combined, offer a nearly 
complete description of the AW and its biology. No in-depth study has been 
attempted on the AW in Iowa, however, and, until recently, the occurrence 
of the AW in Iowa has been sporadic and locally isolated. 
Armyworm Phenology and Biology 
The armyworm is cosmopolitan in distribution, having been reported 
from all major land masses of the world (Breeland, 1958). Its abundance 
throughout the Midwest, eastern, and southern United States certainly sup­
ports the suggestion that its origin may be North America. AW larvae feed on 
a wide range of crops and grasses (Forbes, 1905; Davis and Satterthwait, 
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1915; Breeland, 1958). Most large AW larval populations, however, develop 
in rank-growing small grain crops, subsequently moving to adjacent crops 
(Breeland, 1958). 
The AW life cycle is comprised of 4 stages: 1) the egg, 2) the lar­
val or damaging stage, 3) the pupal or quiescent stage, and 4) the adult or 
reproductive and flight stage. 
AW developmental rate is influenced by several environmental parame­
ters including temperature (Breeland, 1958; Guppy, 1969), and food avail­
ability (Mukerji and Guppy, 1970). Guppy (1969) determined that 575 Cen­
tigrade Degree Days, with a base temperature of 10°C, was required for 
one complete AW generation. 
Eggs 
AW eggs are laid by the female moth in narrow bands of a few to sever­
al hundred, in two to five rows, rarely in one row (Guppy, 1961). Immedi­
ately after deposition, egg color varies from pale yellow to dark yellow. 
Before eclosion, however, AW eggs become dark gray because larval heads 
can be seen through the chorion. Breeland (1958) describes AW eggs as 
perfectly spherical and measuring from 0.6 to 0.7 mm in diameter. Under 
high magnification (^54X), an irregular pattern of fine ridges can be 
seen. Incubation lasts from 3-24 days, depending on temperature and mois­
ture (Breeland, 1957). Eggs not deep yellow three days after deposi­
tion are usually infertile. Breeland (1958) attributes this infertility 
to lack of mating success at high temperatures and low humidities. Eggs 
are laid at night on grass or other host plants between leaf sheaths or 
overlapping leaves fastened together. Fixation is accomplished by a 
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glutinous secretion from the collaterial glands (Breeland, 1958). After 
selection of a suitable oviposition site, the female thrusts her oviposi­
tor far forward in the slit and begins egg deposition (Breeland, 1958). 
The ovipositor is moved outward with each egg-row deposition, until the 
substrate edge is reached. 
Larvae 
After eclosion, neonate larvae devour the egg chorion and remain 
docile for several hours (Breeland, 1958). Young AW instars (1 and 2) 
merely skeletonize leaves (Breeland, 1958). Pond (1960), however, ob­
served second instar larvae attacking the whole leaf, starting at the out­
er edge. They feed on tender plant tissue near the uppermost part of a 
plant (Breeland, 1958). The first two larval stadia are positively photo-
tactic. Guppy (1951), however, found that all AW instars were negatively 
phototactic when observed on oats. Because the anterior prolegs are under­
developed, larvae in the first two stadia move with a looping motion (Davis 
and Satterthwait, 1916). When disturbed, young AW larvae drop suspended 
from a silken thread. Breeland (1958) suggested that this habit serves as 
a means of escape and dispersal. 
Full-grown AW larvae attain a length of approximately 35 mm and a 
width of 5 mm. Rings and Musick (1976) describe the larvae as being yel­
lowish gray tinged with pink. The back is greenish brown to black with a 
narrow, broken, light stripe down the center. Each side of the stripe is 
bordered by a band of mottled brown. Immediately ventral to this band is 
a narrow white stripe followed by an orange or brown stripe edged with 
white. A dark stripe, containing the spiracles in its lower edge is next. 
6 
Below this is a pale orange stripe mottled and edged with white. The lar­
val head is pale or greenish-brown with numerous dark reticulations and 
dark streaks near the adfrontal sutures. The cervical shield is brown 
with three narrow, pale stripes and the insect integument is smooth. Body 
and head capsule measurements of AW larvae have been studied quite thor­
oughly by Walton and Packard (1947) and Breeland (1958). 
Third through sixth stadia (rarely seven) AW larvae are usually noc­
turnal feeders (Beirne, 1971). Crawling about with their venter in con­
tact with the substrate, the mature larvae feed inward from leaf margins 
of host plants, consuming all tissues except the midvein (Breeland, 1958; 
Guppy, 1961). Larvae feeding on corn in a Minnesota field consumed 
the basal 4-6 leaves of virtually every plant in an 18-row strip (Chiang 
et al., 1976). Earlier authors, however, report a preference for the ten­
der inner leaves of a corn plant whorl (Garman, 1908; Britton, 1915; Gib­
son, 1915). The older instars (5 and 6) consume 96% of the total amount 
eaten during this developmental stage (Rice et al., 1982a), Davis and 
Satterthwait (1916) further determined that AW sixth instars consumed 80% 
of all the corn foliage eaten during larval existence. 
Duration of larval development, aside from overwintering stadia, aver­
ages approximately 28 days with a range of 20 to 48 days (Breeland, 1958). 
Hudson and Wood (1927) demonstrated that AW larval developmental rate 
is dependent on the type of food eaten. Larvae feeding exclusively on 
corn "matured" in 41 days. In contrast, time of larval development on 
timothy, oats, and barley took 47 to 53 days. Mukerji and Guppy (1970) 
reported supernumerary molts when rate of food intake was low. Reports 
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by Breeland (1958) and Guppy (1969), however, attributed additional lar­
val moults to low temperature exposure. 
Breeland (1958) suggested the importance of anticipating the appear­
ance of mature larvae in the field. The information on larval duration 
and temperature relations reported by Breeland (1958) can be useful in com­
puting the minimum time required for mature larvae to appear in an area. 
Calculation of instar development can be useful in monitoring, scout­
ing, or simply studying AW populations. Additionally, the developmental 
information reported by Breeland (1958) and Guppy (1961).provides an ini­
tial data base for technological transfer of information. None of the 
aforementioned researchers, however, determined what density of a particu­
lar instar on a specific corn stage would warrant and, thereby, anticipate 
an economic concern. 
Pupae 
Once feeding is completed, AW sixth instars evacuate their ali­
mentary tract and begin construction of a pupal cell. Pupation normally 
occurs 2.5-5 cm below the soil surface (SIingerland, 1897; Britton, 1915: 
Walton and Packard, 1940; Breeland, 1958). Hudson and Wood (1927), how­
ever, reported pupation occurring at an average depth of 1.27 cm. Bree­
land (1958) and Meyer (1951) account for soil moisture and texture as the 
final determinant of pupation depth. The pupation cell is formed by pre-
pupal body contortions and small amounts of silk (SIingerland, 1897; Brit­
ton, 1915; Breeland, 1958). No specific function is attributed to the AW 
pupal cell. Harris et al. (1962), however, studying a similar noctuid 
species (black cutworm, Agrotis ipsilon (Hufnagel)), suggests that the cell 
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functions in preventing dessication in dry soils, or pupal rotting in 
saturated soils. Garman (1908) noted that pupation was not accomplished 
safely in constantly saturated soils. If soil texture is unsuitable for 
larval burrowing, pupation can occur beneath dead foliage, dirt clods, 
stones, or within soil surface cracks (SIingerland, 1897; Panton, 1896; 
Walton and Packard, 1940; Breeland, 1958). 
According to Guppy (1961) AW prepupal period lasts two to three days 
in summer and a week to 10 days in late fall. Breeland (1958) observed 
pupal durations ranging from seven to 40 days, and Guppy (1961) noted 
a pupal-period maximum of 60 days. All previous authors recognize the in­
fluence of temperature on pupal duration. Guppy (1969) further suggests 
that prolonged high temperature exposure on late instars can result in de­
formed pupae. 
The general appearance of AW pupae is similar to other Noctuidae. 
Length averages 14.5 mm, and width ranges from 5.0 to 6.0 mm (Breeland, 
1958). Two stiff converging cremasters located on the anal end possess a 
fine curled hook. The color is light amber immediately following pupation, 
but darkens to a shiny mahogany with age. Sexual dimorphism exists in lo­
cation of the gonopore (i.e., gonopore located on segment 8 and 9 of AW 
females and males, respectively). Additionally, the male gonopore appears 
as a dark raised slit, while the female gonopore is not elevated, nor 
dark-colored (Davis and Satterthwait, 1916; Breeland, 1958). 
After successful pupation, the adult moth emerges by breaking through 
the pupal exuviae using its head and forelegs. The head and forelegs are 
also used in pushing away overhead soil. Once at the surface, the moth 
hangs on debris or foliage until the wings stretch and the body hardens. 
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This process requires approximately three hours (Breeland, 1958). Bree-
land also reported female moths emerging before males; however, the time 
differential did not exceed one day. 
Adults 
Riley (1883) provides a superb AW adult description, and an excellent 
color depiction of the moth appears in Holland (1908). A detailed descrip­
tion and illustration of the adult AW is available in "An Illustrated Field 
Key to the Common Cutworm, Armyworm, and Looper Moths" by Rings (1977). 
Discrimination of adult AW sexes is difficult unless the abdomen can 
be squeezed, thereby exposing the genitalia (i.e., males possess prominent 
paired claspers; females possess a single blunt ovipositor). Breeland 
(1958) used antennal and abdominal characteristics to distinguish between 
the sexes. Hairy antennae (especially at the base) and a blunt-tipped ab­
domen characterize male AW moths, and females possess relatively smooth 
antennae and a pointed abdomen, 
AW reproductive behavior follows a three-step process typical of many 
noctuids: (1) female calling behavior, (2) mating behavior, and (3) ovi-
positional behavior (Swier et al., 1976; Kaster, 1980). 
A sex pheromone, released by female moths to attract males for mat­
ing, has been isolated and identified (McDonough et al., 1980; Hill and 
Roelofs, 1980) as (Z)-ll-hexadecen-l-yl acetate (Zll-16:Ac). Additional­
ly, Steck et al. (1980) determined the synergistic effect of certain trace 
components (0.1-0.5% of Z11-16:0H added). Kamm et al. (1982) conducted 
field tests, however, refuting the synergistic effects of Z11-16:0H. Sub­
sequent field validation by Turgeon et al. (1983) determined that the role 
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of secondary components of the AW sex pheromone blend may be interacting 
with trap type. Additional methodological factors (surrounding vegetation, 
trap height, lure assembly and placement) may also account for resulting 
differences. Hirai et al. (1979) further suggested the possibility of a 
male-male inhibitory pheromone. A semiochemical of this type would ren­
der traps ineffective, particularly with high moth densities. 
The necessity in refining sex pheromone blend and trap efficiency re­
lates to using sex pheromone traps for monitoring pest populations. High 
correlations between adult male captures and subsequent larval damage 
would permit the establishment of economic thresholds based on adult 
trap catches (Vakenti and Madsen, 1976; Turgeon et al., 1983). Prelimi­
nary data on field validation of AW sex pheromone trap captures by Turgeon 
et al. (1983) indicate the possibility of this relationship. Using 300-
yg baited traps, they caught 50 males per trap per night in outbreak 
years (1979; in St. Didace, Quebec), and 40 males per trap per week in 
endemic years (1980-1981, same location). No appreciable crop damage was 
reported during the two endemic years (Turgeon et al., 1983). 
Female AW calling behavior is reported in detail by Turgeon and 
McNeil (1982). The process involves wing elevation (above the abdomen), 
followed by extrusion of the ovipositor (pheromone gland). Calling fe­
males may touch or drag their ovipositor along the substrate surface to 
aid in scent dispersal. Wing fluttering accompanies gland extrusion, and 
may facilitate pheromone dispersal. Each calling period may last several 
minutes, and is referred to as a "bout." No evidence of calling behavior 
11 
in flight exists; however, this phenomenon has been reported for the black 
cutworm (Swier et al., 1976). 
Age-related differences in calling behavior are documented by Turgeon 
and McNeil (1982). They determined that AW females possess a circadian 
calling rhythm and that initial calling bouts occurred 3.98+0.16 days 
after emergence. Initial bouts did not occur until the moths were at 
least 2 days old. Older females (chronologically and pheromonally) began 
calling sooner after scotophase onset than younger ones. Additionally, 
although the mean number of bouts decreased with age, the total time 
spent in a bout increased. Swier et al. (1977) suggested that early 
calling initiation after scotophase provided older black cutworm females 
with a competitive edge for successful mating. Although egg presence in 
the ovaries is not essential to initiate calling, Swier et al. (1976) found 
that black cutworm females had the highest attractancy four days after 
emergence, when ovarian egg capacity was greatest. A similar synchroniza­
tion may occur in AW females; however, a clear relationship between egg 
maturation and calling is less evident (Turgeon and McNeil, 1982). Tur­
geon and McNeil (1982) compared moths by their "calling" rather than their 
chronological age because of this lack of synchrony and, also, because of 
individual moth variation noted by Swier et al. (1977). 
A complete description of mating and oviposition, under field condi­
tions, is provided by Guppy (1961). Particularly meaningful, mating pairs 
began copulating four to seven hours after sunset, pair formation peaked 
between the fifth and sixth hour, each pair remained in copulation for ap­
proximately three hours, mating began each night as oviposition was 
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diminishing, mating was initiated by males, and both sexes frequently 
mated more than once. Mating and oviposition were stimulated by darkness, 
and neither was noticeably affected by variations in temperature or rela­
tive humidity (Guppy, 1961). In contrast. Pond (1960) did not witness mat­
ing under temperature regimes ranging from 40.7°F (4.8°C) to 68.7°F 
(20.4°C). He failed, however, to mention the temperature when mating oc­
curred. Hudson and Wood (1927) suggested flight as a requisite to success­
ful mating and oviposition. This statement is based on observation only. 
However, after isolation of individual females and moth pairs (1 female + 
1 male) that did not have an exercise flight, Breeland (1958) and Guppy 
(1961) did not obtain fertile eggs. 
Initiation of mating by AW males is dependent on female receptivity 
(Guppy, 1961). Upon locating a receptive female, the male extends his 
claspers from within the abdomen, approaches the female with his abdomen 
curved toward her, and suddenly clasps her abdomen. Copulation occurs in 
an end-to-end position, and may occasionally result in an aberration, where 
the genitalia become locked together until death (Callahan and Chapin, 
1960). Breeland (1958) suggested that this mating "death grip" occurred 
frequently during hot, dry weather. No data are provided, however, to 
support this assumption. 
AW oviposition behavior is rarely observed during the day (Guppy, 
1961), and usually begins after sunset (approximately 30 minutes). Peak 
ovipositional rates occur during the early evening hours, ranging from 30 
minutes after ovipositional onset to four hours after sunset (Guppy, 1961). 
Pond (1960) suggests that no oviposition occurs at mean temperatures of 
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60°F (15.5°C) or lower. Breeland (1958) and Guppy (1961), however, ob­
served egg deposition in temperatures as low as 38°F (3.3°C) and 48°F 
(8.9°C), respectively. Preliminary experiments by Breeland (1958) also 
indicate that oviposition requires a photoperiod of alternate light and 
dark. Support for this statement is provided by Guppy (1961), who recog­
nized that oviposition was stimulated by low light intensities. Further­
more, the majority of subsequent AW rearing techniques used for life his­
tory studies reported using a photoperiod for adult mating and oviposition 
(Shorey and Hale, 1965; Harris et al., 1975; Calkins and Sutter, 1976; 
Hirai et al., 1978). 
The ovipositional period for AW females begins four to 14 days after 
emergence, and averages 4.3 (Breeland, 1958) to 8.7 (Guppy, 1961) days. 
Breeland (1958) and Guppy (1961) report fecundities of 1,759 and 1,887 
eggs, respectively, from single AW females. One female oviposited 732 
eggs in one day (Breeland, 1958). 
Oviposition will normally occur in a restricted area (between leaf 
sheaths or over-lapping leaves). Breeland (1958) and Riley (1883), how­
ever, report AW egg deposition on various (sometimes unusual — i.e., the 
cut straw of haystacks and the wing of a luna moth, Actias luna (Linnaeus)) 
substrates. Knutson (1944) suggests that oviposition occurs predominantly 
in low, damp areas. Observations by Riley (1883), Breeland (1958), and 
Guppy (1961) indicated an oviposition preference for dry stubble or straw 
instead of green plant material. When offered only green plants for ovipo­
sition, moths deposited their eggs under the sheath at the plant base, or 
within young terminal blades (Guppy, 1961). Pond (1960) submits that AW 
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eggs are laid singly on blades of grass in the field. This statement, 
however, conflicts with observations made by authors as early as Riley 
(1883). 
The number of eggs deposited per female may depend on many intrinsic 
and extrinsic variables (moth longevity, temperature, relative humidity, 
etc.). Breeland (1958) reported an average adult life span of nine and 
ten days for males and females, respectively, with a range of 1 to 27 days. 
According to Pond (1960), average life span of adult males and females is 
9 and 18 days, respectively. Guppy (1961), however, reported an average 
male longevity of 19.3 days, compared with 17.2 days for female moths. 
Breeland (1958) and Guppy (1961) conducted their studies under natural en­
vironmental conditions (Tennessee, U.S.A., and Ottawa, Canada, respectively). 
Pond's (1960) data, however, came from laboratory observations under strict 
temperature regimes (x temperature = 72.6°F). Therefore, it seems that 
moth longevity may be influenced by specific environmental parameters (tem­
perature, relative humidity, etc.). Breeland (1958) recognized the impor­
tance of high relative humidity (RH) for adult mating, but made no mention 
of RH influence on oviposition. Guppy (1961) also reported that, if mating 
did not occur, moth longevity increased (x = 22.5 days for males, and 24.5 
days for females). This phenomenon may be a functional response that al­
lows females increased chances for successful mating and subsequent ovi­
position. 
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Seasonal History 
The seasonal development, and annual cycle of the AW in Iowa, is not 
well-documented. This is probably attributable to its sporadic occur­
rence (particularly at economic levels) on Iowa-grown commodities. Ob­
servations by Showers et al. (unpublished) in south-central Iowa have in­
dicated increases in spring moth flight, particularly after detection of 
weather patterns conducive to mass migration (Showers et al., 1984). The 
ability to migrate considerable distances is suggested by many authors 
(Britton, 1915; Walton and Parkard, 1940; Guppy, 1951; Beirne, 1971; 
McClanahan and Elliott, 1976; Steck et al., 1982) and may contribute to 
local outbreaks in marginal overwintering areas (Beirne, 1971). Migratory 
flights of this nature may be associated with temperature depressions 
(Rainey, 1974) and other climatic characteristics typical of midwestern 
springs (Domino et al., 1983). The low numbers of overwintering AW along 
the coast of the Gulf of Mexico allows speculation, however, that the out­
break of AW larvae in Iowa, during 1983, issued from local overwintering 
populations (Dr. W. 8. Showers, Dept. of Entomology, Iowa State University, 
Ames, Iowa, personal communication, 1984). 
Gillette (1891) reported viable eggs in only one female (he examined 
a "great many") collected in the fall at Ames, Iowa. Dirks (1937) found 
that eggs of fall light trap specimens in Maine were "in an immature con­
dition, and the abdomens filled with fat." These reports provide partial 
evidence of a fall reproductive diapause, a phenomenon reported in some 
migratory lepidopterans (Rankin and Rankin, 1979; Kaster and Showers, 
1982). Further research in this speculative area may provide insight 
into the migratory and overwintering capacities of the AW in Iowa. 
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Drake and Harris (1927) suggested that AW larvae overwintered in the 
soil in Iowa. Moran and Lyle (1940) found the AW breeding throughout the 
winter months in Mississippi. From Tennessee northward to New York, the AW 
overwinters as a partially grown larva (SIingerland, 1897; Knight, 1916; 
Davis and Satterthwait, 1916; Breeland, 1958). Pond (1960) cites the part­
ly grown larva as the overwintering stage in New Brunswick. Marcovitch 
(1957) believes that the AW can overwinter anywhere in the United States 
and southern Canada. He suggests that larvae hibernate in grassy areas. 
Gibson (1915) reported larval AW overwintering in Ottawa, Canada, and also 
observed larvae beneath tufts of grass and other low herbage during winter. 
In Minnesota, Knutson (1944) reported the early season presence of a few 
gravid AW females, and suggested the probability of overwintering pupae 
or adults. Knight (1916), however, found that pupae could not overwinter 
in New York. AW adults, however, are reported to overwinter as far North 
as New Jersey (Smith, 1896) and Ohio (Webster and Mally, 1898). Smith 
(1895) found adult moths during the entire winter in sheltered situations 
(field debris, buildings, etc.). Slingerland (1897) theorized that over­
wintering moths could augment "hibernating" larval populations to form an 
epidemic May "brood" of larvae in New York. Guppy (1961) and Beirne (1971) 
reported no overwintering capabilities for any AW developmental stage in 
Canada. Guppy (1961) provided evidence of AW inabilities to overwinter by 
conducting field cage studies. During October, he infested field cages 
with every developmental stage and stadium. Some mature larvae pupated; 
however, only dead specimens were recovered (Guppy, 1961). The literature 
provides evidence that the AW is incapable of overwintering in the egg 
stage. However, every other stage is cited to overwinter. 
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Seasonal flights of AW adults have been observed in various locations. 
Drake and Harris (1927) indicated three complete generations per year in 
Iowa. Breeland (1958) noted five annual AW flights in Tennessee, produc­
ing four complete generations and a partial fifth. Pond (1960) and Guppy 
(1961) perceived two annual flights occurring about mid-June and mid-
September in New Brunswick and eastern Ontario, respectively. At Harrow, 
Ontario, McClanahan and Elliott (1976) noted four or five flight activity 
peaks. Degree-day accumulations, however, were insufficient to allow four 
or more AW generations. They, therefore, attributed some peak flight ac­
tivities to moth immigration from the south. Knutson (1944) lists two to 
three complete AW generations per year for Minnesota. Riley (1883) re­
ported three flights for the Ohio River, Great Lakes, and central New York 
areas. Walkden (1950) verifies three complete AW generations throughout 
the central Great Plains. 
Climatic Relationships 
Severe and widespread outbreaks of the AW are usually preceded by 
widely separated local epidemics. These outbreaks occur nearly simultane­
ously in the United States and Canada at irregular intervals of 5 to 20 
years (Hudson and Wood, 1927; Beirne, 1971). Additionally, larval abun­
dance in one year is independent of preceding or succeeding years (Beirne, 
1971). Pest status in northern areas (northern Canada) is determined by 
the number of immigrating moths in May (Marcovitch, 1957; Guppy, 1961; 
Beirne, 1971). Some authors (Riley, 1883; Lugger, 1888; Marcovitch, 1958) 
suggest that AW outbreak years follow exceptionally dry years. Cook 
(1922), however, believed that AW outbreaks were common during summers 
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preceded by a wet spring. In contrast. Smith (1896) suggests that AW 
abundance results from a dry year followed by a dry spring. He emphasized 
this insect-weather relationship for winters that are continuous (i.e., not 
one of frequent change from freeze to thaw). Garman (1908) supports this 
contention that dry weather favors AW abundance. He suggests further that 
larval profusion is ascr^bable to unfavorable environmental conditions for 
parasitoids and diseases. Marcovitch (1958) also attributes this phenome­
non to relative scarcity of parasitoids and diseases, again, both being 
adversely affected by drought. 
Although AW larval development is greatly influenced by food intake 
(Mukerji and Guppy, 1970), temperature also affects survival and develop­
ment. Meyer (1951) showed that third through sixth instars died 
when reared continuously at 32.2°C. Larvae reared at lower temperatures, 
however, completed normal development. Larval mortality and cause of death 
were not determined in Meyers' experiment. McLaughlin (1962) later re­
ported that AW sixth instars were most susceptible to higher temperatures. 
He attributed this susceptibility to instar duration (7-10 days -- 6th in-
star vs. 2-5 days — 3rd, 4th, and 5th instars) and not to bacterial septi­
cemia. Guppy (1969) cited the upper and lower limits for AW larval devel­
opment as 31°C and 10°C, respectively. Therefore, in nature, continuous 
periods of high temperature may account for low summer populations of the AW 
in the central and southern United States (Guppy, 1969; McLaughlin, 1962). 
Glyptapanteles militaris (Walsh), a primary parasitoid, is responsible 
for nearly complete suppression of annual AW outbreaks in certain areas 
(Davis and Chong, 1969). Research on this braconid parasitoid demon­
strated that temperature affects parasitoid survival and development (Kaya 
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and Tanada, 1969; Calkins and Sutter, 1976). During cool spring tempera­
tures, slower development of this parasitoid might eliminate it as a major 
controlling factor of AW larval populations (Calkins and Sutter, 1976). 
Furthermore, short periods (<3 days) of high temperatures (^35°C) could 
prevent development of parasitoid eggs (Kaya and Tanada, 1969). 
In some localities, polyhedral viruses produce epizootics that func­
tion as larval population depression mechanisms (Tanada, 1956). Marcovitch 
(1958), however, contends that dry weather is unfavorable for larval virus 
infections. Therefore, his contention, and the reported affects of high 
temperatures on parasitoid populations, support the association between AW 
outbreak years following hot and dry years. 
Conclusion 
The armyworm, Pseudaletia unipuncta (Haworth) has been an occasional 
pest of grasses and grains throughout the Midwest for nearly 350 years. 
The literature abounds with examples of AW damage to 30 or more eco­
nomically important crops (Forbes, 1905; Breeland, 1958). However, much 
information remains unknown about the bionomics of this pest. Because of 
their sporadic appearance and feeding, AW larvae can consume large amounts 
of corn foliage before being detected. Consequently, future research ef­
forts may focus on monitoring and anticipating possible outbreaks. The 
knowledge gained from the present study, in synchrony with future en­
deavors, can aid in combating this potential pest. 
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REVIEW OF LITERATURE ON ARMYWORM 
LARVAL-HOST RELATIONSHIPS 
Introduction 
Typically, arnTyworm (AW), Pseudaletia unipuncta (Haworth), larvae 
feed on grasses and weeds found along uncultivated field borders, low mea­
dows, and swampy places (Smith, 1896; Garman, 1908; Britton, 1915; Gibson, 
1915; Knight, 1916; Franklin, 1928). Generally, first generation (spring) 
larvae inflict the greatest damage. The subsequent summer generations 
rarely appear in sufficient nunters to duplicate the devastation (Flint, 
1920; Meyer, 1951), Many factors contribute in controlling this pest's 
devastation, including parasitoids, predators, and climatic conditions 
(Smith, 1896; Slingerland, 1897; Knight, 1916; Marcovitch, 1958). When 
these mechanisms fail, and larval populations flourish, preferred food 
sources become scarce. Larval abundance and lack of food compel the in­
sects to seek alternate feeding grounds. Their "march" to an alternate 
food source will not be stopped by any obstacle; hence, the name armyworm. 
Outbreaks of this magnitude were first recorded in 1743. The most 
publicized record of AW devastation, however, transpired in 1896. Panton 
(1896) and Slingerland (1897) provide perhaps the most vivid description 
of a "marching horde" of arnyworms. They describe a larval population of 
a million or more, covering the surface for several rods. Nothing daunted 
the larval marches of 1896, including buildings, fences, and ditches. When 
confronted by an obstacle, the larvae simply attempted climbing over the 
obstruction (Panton, 1896; Slingerland, 1897). 
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The 1896 AW outbreak extended as far west as Iowa. Walton and 
Packard (1940) report three additional outbreaks in Iowa preceding 1896. 
Four outbreak years devastated Iowa crops during the early 1900s. The 
literature is replete with reports of local AW outbreaks (Britton, 1915; 
Knight, 1916; Breeland, 1958; Beirne, 1971). 
Although AW outbreaks may totally annihilate cultivated crops, certain 
plants sustain little or no damage. Panton (1896) and Knight (1916) re­
port a feeding preference for merrfcers of the grass family. Timothy and 
various wild grasses were selectively pruned from hay fields, while alfal­
fa and clover remained untouched. During outbreak years, fields planted 
predominantly to leguminous crops sustained appreciably less damage than 
fields planted to grasses (Knight, 1916). 
Larval-Host Relationships 
Panton (1896) and Gibson (1915) reported that one-half of the in­
fested fields during the great outbreaks of 1896 and 1914 were planted to 
oats. This supports the contention of Breeland (1958) that large damaging 
populations develop in rank-growing grain crops (wheat, oats, barley, rye, 
and rice). Interestingly, the remaining heavily infested fields, during 
the aforementioned outbreaks, were primarily field corn, Zea mays L. 
Among large-stem grasses readily attacked by AW larvae, corn is preferred 
(Breeland, 1958). Food preference studies, however, have not been con­
ducted to verify this assumption. 
Guppy (1961) believed that host plant maturity, stand density, stub­
ble or dead leaves for egg-laying (also other factors in combination or 
alone) were more important in AW attraction than the presence of specific 
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host species. Rice et al. (1982a) found more larvae in rice fields with a 
dense stand than in areas with a thinner stand. Additionally, they no­
ticed that larvae tended to feed at the top of rice plants. Guppy (1961), 
however, observed second through sixth instar AW larvae feeding at all 
heights on field-caged wheat and oat plants. In Maryland, older AW larvae 
clipped grain heads of senescing barley and wheat after decimating the sub-
canopy vegetation (Coggin and Dively, 1982). Beirne (1971) observed simi­
lar larval feeding habits in Canadian grain fields. Furthermore, he sug­
gests that damaging AW larval populations are more common in areas where 
plants have been damaged by wind, heavy rainfall, or, especially, hail. 
Harrison et al. (1980) reported higher AW larval populations in no-till 
sweet corn than in conventionally-tilled sweet corn. Musick (1973) pro­
posed that prevalence of AW larvae in no-till situations is related to in­
creased oviposition by AW moths in these "weedy" environments. Once corn 
is planted in no-till fields, and herbicides are used to kill existing 
vegetation, AW larvae are forced to feed on the corn, often destroying the 
crop. Musick (1973) suggests further that leaf pruning affects grain 
yields because of physiological plant maturity (older corn plants sustain 
greater yield reductions). These yield reductions are probably related to 
location of the growing point at time of infestation. 
The contention by Musick (1973), that the effects on yield by leaf 
area removal are dependent on physiological maturity, has merit. Although 
artificial defoliation does not precisely simulate insect feeding (Rice et 
al., 1982b), it provides a simpler, inexpensive method for detecting dif­
ferences in plant growth caused by varying levels of defoliation. Any 
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subtle differences in plant growth may provide an explanation for subse­
quent yield differences. 
Simulations of hail damage have become reliable enough for crop insur­
ance adjusters (National Crop Insurance Association, 1975). These adjust­
ment instructions, along with data from various hail-simulation studies, 
have shown the significant effects of defoliation (partial and complete) on 
corn yields. In Montana, Baldridge (1976) conducted a three-year hail simu­
lation study on irrigated corn grown for silage. His data indicated nonsig­
nificant (P>0.05) differences in yields between undefoliated corn plants and 
plants subjected to 75% defoliation at the 7-leaf growth stage (Hanway, 
1971). Plants in the 11-1eaf growth stage { is) exhibited nonsignificant 
yield loss (except in one year) when 25% defoliation was administered. 
Kiesselbach and Lyness (1945) report similar findings on 11-Zs corn in Nebras­
ka. They removed the outer half on each leaf, and still obtained comparable 
yields (two of the nine years, defol iated plants yielded better) between de­
foliated and nondefoliated corn plants. Camery and Weber (1953) recorded a 
yield increase in one year out of three for 11-12-Zs corn plants subjected 
to 50% defoliation. Eldredge (1935) found that completely defoliated corn 
plants yielded better than undefol iated plants during a drought year. He re­
ports a similar relationship between undefoliated corn and corn subjected to 
two-thirds defoliation. In contrast, corn plants sustaining one-third defo­
liation during the same year resulted in proportionately (dependent on stage 
of defoliation) less grain yield than undefoliated corn plants. Eldredge 
(1935) attributes this discrepancy to adequate soil moisture for defoliated 
plants. He suggests that early defoliation, before transpiration depletes 
soil moisture, results in greater water supply for later plant use. 
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El dredge (1935) probably came closest to simulating AW larval damage 
while simulating minor hail damage. He cut the outer edge of each leaf 
to the midrib. One side of the leaf was cut one-third of the distance from 
tip to leaf base, and the other side about two-thirds the distance from the 
tip. This tattered appearance, with midvein intact, closely resembles lar­
val AW damage (high populations). For 10-Zs, 12-Is, and 13-Is defoliated 
corn plants in 1930, '31, and '32, respectively, nonsignificant yield 
differences were detected between the treatments and undefoliated check 
plants. 
Plant developmental stage, when damage occurs, will influence regrowth 
and/or plant compensation levels (Kiesselbach and Lyness, 1945; Crookston 
and Hicks, 1978; Rice et al., 1982b). Hail simulated defoliation has the 
greatest effect during the period from initial to full tasseling (Kiessel­
bach and Lyness, 1945). Early defoliation is less harmful because young­
er, undeveloped leaves continue to grow (Kiesselbach and Lyness, 1945; 
Crookston and Hicks, 1978). 
The obvious problem in comparing hail simulations with insect damage 
relates to how each is conducted. Hail damage simulation usually involves 
excision of leaf material with scissors (or another mechanical device). 
This procedure is conducted on one day, and is repeated at regular inter­
vals (e.g., every 10 days). Hail simulation techniques generally entail 
transverse excision of leaf material (cutting leaf and midvein). Corn de­
foliation by AW larvae, however, is characterized by extensive leaf tat­
tering; however, the midvein remains intact. Rice et al. (1982b) recog­
nized the difficulties in simulating AW damage on rice. Rice yields were 
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significantly greater for manually defoliated plants than for larval de­
foliated plants, under similar (simulation-population) levels. Capinera 
and Roltsch (1980) reported parallel findings when attempting to simulate 
migratory grasshopper, Melanoplus sanquinipes (F.), defoliation of wheat 
seedlings. Dyer and Bokhari (1976), however, found that regrowth poten­
tial of grasshopper-grazed blue gramma grass was much higher than for 
clipped plants. 
Harris (1974) cites several examples of plant yield increases follow­
ing insect damage, and suggests some common features, including: damage 
early in the growing season and often to a vigorously growing terminal, 
damage of limited extent and duration, and damage of cultivated plants 
without intense competition (Harris, 1974). 
Past literature agrees on the enormous capacity of AW larvae to lay 
waste to cultivated croplands. Little information exists, however, de­
scribing potential devastation of Iowa cornfields by this pest. Labora­
tory feeding studies conducted by Davis and Satterthwait (1916) determined 
that five AW larvae could devour two corn plants, two feet high. Coggin 
and Dively (1982) suggest an economic threshold of one 6th-instar 
per 0.3 m of row in Maryland small grains (wheat and barley). Rice et al., 
(1982a) calculated that 0.37 larva per plant was associated with 25% de­
foliation in California rice fields. Beirne (1971) found seven larvae per 
square foot in a 45-acre oat field destroyed by armyworms. Further esti­
mates on larval AW economic thresholds in corn are based primarily on ob­
servation and speculation. Musick (1973) reports that a population of six 
or more AW larvae per plant can annihilate corn plants in an entire field 
almost overnight. Harrison et al. (1980) suggest an infestation level of 
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one larva per meter of row in sweet corn as adequate to cause a signifi­
cant yield loss. Neither of the two previously mentioned authors show in­
festation or statistical data to support their speculations. 
Conclusion 
The devastating effects of armyworm, Pseudaletia unipuncta (Haworth), 
larval populations were observed, documented, and studied thoroughly by 
many past researchers. Furthermore, much of the current research is di­
rected at development of effective monitoring tools, and understanding of 
larval-host relationships. Little effort, however, has focused on estab­
lishment of economic thresholds to anticipate the rise of AW to pest 
status. AW studies conducted on rice (Rice et al., 1982a,b) and small 
grains (Coggin and Dively, 1982) elucidate some potential larval-host eco­
nomic relationships for armyworms in corn. Additional studies on AW be­
havior in conventionally-tilled versus reduced or no-tillage situations 
could lead to an understanding of future problems concerning this pest. 
An ignorance of the parameters that allow the AW to achieve potential pest 
status can only lead to a repeat of previous outbreaks (1896 and 1914, 
particularly). 
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PART I. FEEDING ON CORN. BY ARMYWORM LARVAE 
OF VARYING AGES AND DENSITIES AND ITS 
ULTIMATE EFFECT ON GRAIN YIELDS 
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INTRODUCTION 
When dealing with insect-induced stress, plant yields are obviously 
the final determinant of insect feeding influence. Additionally, many 
authors suggest that the effects of defoliation on corn grain yields are 
dependent on plant maturity (Eldredge, 1935; Kiesselbach and Lyness, 1945; 
Musick, 1973; Crookston and Hicks, 1978). Early defoliation is less 
harmful, because young, undeveloped leaves continue to grow. The exact 
corn growth stage(s) significantly affected by insect defoliation, are 
unknown. 
Defoliation experiments (Dungan, 1930; Eldredge, 1935; Eik and Hanway, 
1966; Tollenaar and Daynard, 1978) and work by hail loss insurance com­
panies has determined some of the consequences of immediate and extensive 
defoliation. Based on these studies, corn in the 7-8 and 9-10 leaf growth 
stages (Hanway, 1971) sustaining 50% defoliation in one day exhibited only 
a 2-3% and 4-6% yield loss, respectively. These researchers also agree 
that defoliation has the greatest effect on plant compensatory abilities at 
tasseling. Additionally, as plant development nears tasseling, the ef­
fects of defoliation are proportionately greater. 
Eldredge (1935) found an unusual interaction between corn develop­
mental stage, defoliation, and soil moisture. During years of normal rain­
fall, corn plants sustaining total or two-thirds defoliation yielded pro­
portionately less than corn subjected to one-third defoliation or nonde-
foliated plants. In contrast, during a drought year, heavy defoliation (to­
tal or two-thirds) resulted in grain yields greater than from undefoliated 
plants. Additionally, under drought conditions, corn subjected to light 
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defoliation (one-third) yielded less than undefoliated plants. The amount 
of yield reduction in lightly defoliated corn also corresponded to 
developmental stage (through 100% tassel). El dredge (1935) attributed 
these yield discrepancies to availability of soil moisture for defoliated 
plants. He suggested that heavy defoliation (early in the growing season), 
before transpiration depletes soil moisture, results in greater water sup­
ply for later plant use. El dredge also submits that, under drought condi­
tions, "normal" leaf areas are not necessary. Significantly less leaf area 
can manufacture enough carbohydrates to produce yields comparable to those 
of undefoliated plants. 
The previously mentioned defoliation experiments were simulations of 
hail damage. Obviously, although damage may not be as extensive, an in­
sect defoliator, unlike a hail storm, stresses plants for longer periods of 
time. Several insect defoliation experiments indicated similar dis­
crepancies from simulated feeding (Dyer and Bokhari, 1976; Capinera and 
Roltsch, 1980; Rice et al., 1982b). These authors report increases in 
yields or regrowth potentials of various grains and grasses following in­
sect or simulated defoliation. 
Harris (1974) cites several examples of plant yield increases follow­
ing insect damage, and suggests some common features of each instance. 
These features include damage done early in the growing season (often to a 
vigorously growing terminal), damage of limited extent and duration, and 
damage of cultivated plants without intense competition. These character­
istics coincide with armyworm (AW) larval-host (corn) relationships in 
Iowa. 
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In conventionally tilled Iowa cornfields, when spring larval AW popu­
lations increase, corn is predominantly in the 7-10 leaf growth stages 
(/s). Results of aforementioned defoliation experiments suggest that in­
sect feeding during this developmental stage may have little or no influ­
ence on corn growth and/or yields. This experiment was conducted, there­
fore, to determine the importance of measuring how corn, planted within a 
conventionally tilled field, reacts over time to herbivory, and the subse­
quent effect of this feeding on grain yield. 
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MATERIALS AND METHODS 
Collection and Rearing of Insects 
A laboratory colony of artnyworms was begun in April, 1982 and 1983, by 
capturing feral adult males and females in several battery- (12-volt, No. 
927 Voltmaster®) operated omnidirectional blacklight (BL) insect survey 
traps {Model 110103).^ Three BL traps were operated at the Iowa State Uni­
versity Research Farm near Ankeny, Iowa, and 3 to 6 traps were maintained 
on the Johnson Research Farm near Ames, Iowa. 
BL traps were operated without killing agent. Each standard trap bot­
tom was replaced with a wire screen cage (ca. 30.5cm x 30.5cm x 30.5cm) 
and hung from a tree or suspended form a tall support beam (Figure 1). The 
wire cage allowed for large moth captures with little mortality. Each re­
ceptacle contained paper toweling for moth seclusion and/or oviposition. 
Trap cages were collected and replaced each morning, and captured moths were 
added to the colony. Moths were retrieved, with a minimum of escapes, by 
placing the cages in a 4.4°C (40°F) cold box for approximately one-half 
hour. The insects then were removed through the screen cage top. 
Captured moths were placed in tube-like acrylic oviposition cages, (31 
cm high x 74 cm in circumference) and fed a solution of honey, water and 
beer. AW adults were kept in two Model CE-2 Percival® incubators. Incu­
bators were programmed for a 12.8-25.5°C thermoperiod and a 14-hr:10-hr 
photophaserscotophase. Each incubator maintained a high relative humidity 
(^70%). Oviposition sites, consisting of single ply paper towels (27.9 cm 
x 34.3 cm) folded in thirds and stapled together, were inserted into each 
^Purchased from Elliscc, Inc., Philadelphia, PA 19140. 
Figure 1. Modified black!ight trap, with screen cage receptacle, used 
for live capture of adult AW moths 
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cage through grooved openings on the lid. Once egg deposition began, egg 
sheets were changed daily. Until eclosion, eggs were incubated at tempera­
tures ranging from 15.1°C to 26.6°C. These temperatures allowed for egg 
accumulation and staggered hatching times. 
Neonate AW larvae were maintained in the laboratory using a modifica­
tion of the black cutworm diet of Reese et al. (1972). During the spring 
of 1982 and 1983, high adult captures in BL traps yielded sufficient num­
bers of first generation (F^) larvae for manual field infestations. 
Field Preparation and Experimental Design 
While AW populations were being developed and maintained in the labo­
ratory, a mid-season hybrid corn (Pioneer brand 3707) was machine-planted 
in the field in approximately 76-cm (30-inch) rows. Corn was planted at 
approximately 50,902 seeds per hectare. The field selected for these ex­
periments in 1982 was planted to corn the two previous years, but the 1983 
experiments were conducted on corn following soybeans. In both years, 
fields were fertilized with 201.8 kg per hectare anhydrous ammonia fol­
lowed by an herbicide mixture of Sutan^ (3 quarts) and Bladex (2 quarts) 
for weed control. Fertilization, herbicide incorporation, and planting 
occurred on the same day. In 1982, a soil insecticide for rootworm con­
trol (Furadan®) was also incorporated. 
After corn emergence, two row plots were marked off, consisting of ap­
proximately 22 plants per row, for a total of 44 plants per plot. One cor­
ner of each plot was designated with a fluorescent orange marking flag 
(plastic flag — 10.2 cm x 12.7 cm, and wire staff — 76.2 cm).^ Each 
^Purchased from Blackburn Manufacturing Co., Leligh, Nebraska. 
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flag was stapled on top of standard wooden lath (1.2 meters tall x 3.7 cm 
wide).^ This marking system permitted easy detection of treatment plots 
throughout the growing season. To avoid confounding from larval popula­
tions dispersing to adjacent corn plants, each plot was separated from 
other plots in the same replication by eight to 10 guard rows (6-7.5 
meters) of corn, and neighboring replications were separated by approxi­
mately 7.0 meters. 
Two simultaneously-infested experiments were conducted. The first 
was sacrificed to monitor defoliation by AW larvae. The second experiment 
of similarly infested corn plants was continued through yield analysis. 
Each experiment was designed as a split-plot with AW fourth, fifth, 
and sixth instars as whole plots and infestation densities of 1 lar­
va/plant, 2 larvae/plant, and 3 larvae/plant as the split-plot. Addi­
tionally, there were one and two uninfested check plots per replication in 
1982 and 1983, respectively. Therefore, 10 treatments were used, repli­
cated four times for a total of 40 plots in 1982 and 44 plots in 1983. 
The additional check in 1983 aided in obtaining more reliable defoliation 
figures and yields for uninfested corn. 
CIimatological Data 
A Bel fort® Cat. no. 5-594 hygrothermograph and Bel fort® Cat. no. 5-
1100 thermograph recorded air and soil temperatures, respectively, through­
out the season. The shelter was located near (100 and 0 meters in 1982 and 
1983, respectively) the experimental site. Both instruments were situated 
approximately 1.2 m above the field surface. The soil temperature probe 
^Purchased from Denniston and Partridge Co., Ankeny, Iowa. 
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was placed 3-5 cm below the soil surface. The hygrothermograph was cali­
brated every two weeks to insure accuracy. 
Additional weather data included rainfall. This measurement was ob­
tained using a Carrier® rain gauge,^ attached to the shelter roof. Rain­
fall information was recorded each morning at approximately 0800 hours. 
Field Infestations 
Field infestation of corn plants in 1982 and 1983 occurred on differ­
ent Julian dates and corn growth stages. Corn plants were predominantly 
7-8 leaf stage and 9-10 leaf stage (Hanway, 1971), in 1982 and 1983, re­
spectively. Corn growth and larval infestation, for both years of the ex­
periment, coincided with the realistic phenology of AW feeding in conven­
tionally-tilled corn ecosystems in Iowa. 
Once sufficient numbers of AW fourth, fifth, and sixth instars were 
obtained, the three instars were introduced onto each plant of each plot, 
at the appropriate infestation levels. Cups (179 ml) containing insects 
on diet were taken into the field during sunset or early morning (0800-
0900 hrs). Four to six people used forceps to carefully place the insects 
on the lower, middle, and whorl leaves of developing corn plants. 
Collection of Data 
Yield experiments 
In the fall, the grain yield of each infested and uninfested plant was 
measured to determine how AW larvae influence corn yield. Corn plants 
were hand-harvested and each ear tagged according to plot, row location, 
^Purchased from Carrier Instrument Co., Wichita, Kansas. 
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and position within the row. Additional measurements were taken on plant 
stalk girth and the distance between plants. 
An additional yield experiment was conducted in 1983 to ascertain if 
"epidemic" AW populations could affect yield. Field plots consisting of 
12 corn plants per plot, covered by screen cages (ca. 1.8 m x 1.8 m x 
1.8 m), were manually infested with two levels (6 and 12 insects per plant) 
of fourth and sixth AW instars. To determine parasitoid pressure and/or 
dispersal effect, adjacent unscreened corn plants were similarly infested. 
The experimental design was a split-plot with four replicates. In-
star-density (treatment) combinations served as whole plots and plot-type 
(caged or uncaged) comprised the split-plot. Orthogonal comparisons per­
mitted legitimate determination of instar and/or density differences (J. 
W. vanSchaik, 1983, Statistical Consulting Laboratory, Iowa State Univer­
sity, Ames, Iowa, personal communication). 
Infestation period and corn developmental stage coincided with the 
1983 primary experiment and infestation procedures and data collection 
were similar for both experiments. 
Defoliation experiment 
After manual infestation, AW feeding data were collected every other 
day from field collected plants for approximately two weeks. At the end of 
this period, no additional feeding was evident and larvae were no longer 
recovered. During the two-week sampling period, the number of larvae and 
larval condition (i.e., parasitized or unparasitized) were recorded from 
field collected plants. The plants were then cut at the soil surface, tagged 
according to location, and taken to the laboratory for further analysis. 
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Each leaf of a sacrificed plant was excised from the stalk (at the 
collar), and the midrib rolled with a modified pizza dough roller, to 
flatten the midvein. Leaves were pressed with an iron and numbered (with 
a felt-tip marker) according to position on the plant. Rolling and iron­
ing corn leaves accurately maximized leaf area, and also simplified trans­
port. Each leaf of a sacrificed plant was placed in a homemade leaf 
press (Figure 2) and transported to the Iowa State University insectary, 
where measurements were recorded on leaf area and dry weight (Part II). 
Defoliation was estimated by assigning each leaf on a plant to a cate­
gory of 0, 10, 20, 35, 50, 75 and 100% leaf tissue removed. Leaf ratings 
from each plant were added and the total divided by the number of leaves 
present. This procedure yielded an estimate of overall defoliation (Rice 
et al., 1982a). 
Figure 2. Homemade leaf press used for transporting plant leaves 
A. Stack of strips taken daily to Ames for measurement 
(stacks held together by 1.9 cm-wide fiber tape, indi­
cated by arrow) 
B. Waxed cardboard strip (61.0 cm long x 30.5 cm wide) with 
nuntered plant leaves 
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RESULTS AND DISCUSSION 
Defoliation Experiments 
Table 1 presents a summary of mean percent defoliation over years for 
corn plants infested with ariryworms of various ages and densities. In 
1982, analysis of variance revealed significant differences in defoliation 
between corn infested with fourth instars and plants supporting sixth 
instars. Additionally, significant differences occurred between corn in­
fested with 1 larva/plant and corn supporting 3 larvae/plant. Defoliation 
was similar between fourth and fifth instar, or sixth and fifth instar in­
fested corn. Similar analysis of 1983 defoliation figures revealed nonsig­
nificant differences between the various instar-density treatment combina­
tions (Table 1). In both years, significant defoliation differences were 
revealed between days (Table 2). In 1982, this difference reflects the 
linear trend in defoliation over days. In 1983, however, defoliation dif­
ferences over days were only slightly significant (P=0.04), and a nonsig­
nificant linear trend was revealed. The absence of a linear increase in 
defoliation over days in 1983 suggests that some extrinsic factor(s) sup­
pressed AW larval populations and/or reduced their feeding potential. 
Data from Table 2 also suggest that sixth instars ate more during the ini­
tial days following infestation. Over time, these expected feeding differ­
ences equilibrated, because younger larvae developed into older instars, 
and sixth instars began seeking pupation sites. 
Table 3 reveals defoliation differences over years between infested 
and un infested corn plants. In 1982 and 1983, all infested treatments 
were significantly different from the uninfested corn. Significantly 
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Table 1. Summary of mean percentage defoliation of corn plants infested 
with arqyworms of various ages and densities 
Instar Density (larvae/plant) 
Year (at infestation) 1 2 3 mean 
1982 4 6.9 8.4 13.1 9.5 a 
5 8.3 14.7 17.5 13.5 ab 
6 14.4 14.9 21.1 16.8 b 
Density mean^ 9.8 a 12.6 ab 17.2 b 
1983 4 2.8 2.3 2.4 2.5 a 
5 4.7 4.6 5.7 5.0 a 
6 2.5 2.6 3.2 2.8 a 
Density mean^ 3.3 a 3.2 a 3.8 a 
Density and instar means, within the same year, followed by the same 
letter are not significantly different at the 0.05 level; Duncan's Multiple 
Range Test. 
Table 2. Daily mean percentage defoliation of conventionally-tilled corn 
by armyworms 
Instar Days after infestation ^ 
Year (at infestation) 2 4 6 8 10 mean 
1982 4 
5 
5 
Daily mean^ 
1983 4 
5 
6 
Daily mean 
5.9 6.1 
8.4 13.8 
16.3 19.9 
10.2* 13.3* 
1.3 1.7 
3.7 5.5 
2.1 3.0 
2.4 3.4 
11.5 8.6 
13.0 14.8 
17.5 14.2 
14.0* 12.6* 
3.5 3.7 
4.4 7.2 
3.2 3.2 
3.7 4.7 
15.2 9.5 a 
17.3 13.5 ab 
16.0 16.8 b 
16.1* 
2.2 2.5 a 
4.2 5.0 a 
2.4 2.8 a 
3.0 
Instar means, within the same year, followed by the same letter are 
not significantly different at the 0.05 level; Duncan's Multiple Range 
Test. 
indicates a significant linear trend (P>0.01) in daily defoliation; 
GLM, F-test. 
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Table 3. Mean percentage defoliation of conventionally-tilled corn by 
armyworm larvae 
Instar 1982 1983 difference^ 
Check 0.0 c 0.0 a 
4 9.5 a 2.5 b 7.0* 
5 13.5 ab 5.0 b 8.5* 
6 16.8 b 2.8 b 14.0* 
^Means within the same year followed by the same letter are not sig­
nificantly different at the 0.05 level; Duncan's Multiple Range Test. 
'^* Indicates differences between years is significant at the 0.05 
level; Two-sample t-test. 
lower defoliation figures in 1983 indicate the suppression of AW larval 
populations by extrinsic factor(s). 
Table 4 reveals the temperature and precipitation data for the ini­
tial days of infestation in both years. In 1982, during the initial seven 
days after manual infestation temperatures were relatively low (daily 
averages exceeded 21.0°C only one day, and averaged 20.1°C for the seven-
day period). Additionally, nearly 6.0 cm of rain fell during this period. 
In 1983, however, the initial five days after manual infestation were 
hot (daily averages exceeded 27-0°C every day except one and they averaged 
27.5°C for the seven-day period) and completely dry (Table 4). The influ­
ence of diurnal temperature extremes in 1983, therefore, might be reflected in 
the suppression of AW larval populations (Table 3, 1983). Further circum­
stantial evidence of temperature influence on larval survival is provided 
in Table 5. Fewer larvae were recovered from plants in 1983, compared 
with 1982. Additionally, in 1982, AW larvae were recovered from plants up 
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Table 4. Environmental data collected during the first week of infesta­
tion, 1982 and 1983 
Temperature (°C) Precipitation 
Year Day® Maximum Minimum Daily (x) (cm) 
1982 1 27.2 12.8 20.0 .25 
2 27.2 12.8 20.0 0 
3 25.7 18.3 22.5 0 
4 21.7 18.3 20.0 5.5 
5 24.4 12.8 18.6 0 
6 24.4 16.1 20.2 0 
7 22.8 16.7 19.7 0 
(x) 24.9 15.4 20.1 
1983 1 29.0 21.1 25.0 0 
2 31.7 23.3 27.5 0 
3 32.2 23.3 27.7 0 
4 34.4 23.3 28.8 0 
5 32.7 23.9 28.3 0 
6 32.2 24.4 28.3 0 
7 30.5 22.8 26.6 0 
(x) 31.8 23.1 27.5 
®Infestation dates - 1982: June 12-13; 1983: June 20, 21. 
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Table 5. Recovery and parasitization of arnyworm larvae released at vari­
ous ages and densities onto corn, 1982 and 1983 
Year Instar Numbers^ 
(at infestation) released 
Numbers® 
recovered 
% 
recovery % b parasitization 
1982 4 288 70 24.3 8.6 
5 288 45 15.6 17.8 
6 216 19 8.8 47.4 
Total 792 134 16.9 
1983 4 216 19 8.8 52.6 
5 216 16 7.4 31.2 
6 216 7 3.2 0.0 
Total 648 42 6.5 
^Numbers represent larvae released and recovered from field-collected 
plants. 
h parasitization = Nuitlr^ÏÏoleref (JS°stadia) 
to 14 days after manual infestation. In 1983, however, larval recovery 
lasted only eight days after infestation, and no sixth instars were re­
covered beyond day four. This recovery data in conjunction with daily de­
foliation figures (particularly sixth instars) indicates that larval mor­
tality and/or dispersal accounted for the low plant defoliation in 1983. 
Meyer (1951) determined that third through sixth AW instars died when 
reared continuously at 32.2°C. Larvae reared at lower temperatures, how­
ever, completed normal development. McLaughlin (1962) later reported 
that AW sixth instars were most susceptible to higher temperatures. He 
also cites a direct relationship between temperature susceptibility and in-
star duration. Guppy (1961) reported the upper and lower limits for AW 
larval development as 31°C and 10°C, respectively. In 1983, during the 
initial five days after manual infestation (Table 4), diurnal temperatures 
exceeded the AW developmental threshold used by Guppy (1961). 
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Temperatures in 1982 were favorable for AW larval development and 
feeding; however, conditions were also optimal for AW parasitoid develop­
ment. Although a direct cause and effect relationship cannot be shown, 
data in Table 5 suggest that, during a normal Iowa growing season, parasi­
toid pressure on older AW instars is an important population suppression 
mechanism. AW parasitization in 1982 reflects only those larvae that suc­
cumbed to the tachinids Winthemia quadripustulata (F.) and W. rufopicta. 
In 1983, only four larvae were parasitized by these species, and none of 
the sixth instars were parasitized. The remaining parasitization in 1983 
was by the braconid Glyptapantales mUitaris (Walsh). 
Researchers have demonstrated that temperatures can affect parasitoid 
survival and development (Kaya and Tanada, 1969). Calkins and Sutter 
(1976) reported temperatures between 21°C and 27°C as quite favorable for 
parasitoid development. They also determined that AW fourth instars were 
preferentially selected over fifth and sixth instars for parasitization by 
G. mUitaris, Kaya and Tanada (1969) suggest that G. militaris immatures 
are more sensitive to high temperatures than are their host larvae. Ex­
posure of parasitized larvae to high temperatures resulted in death of 
parasitoid eggs or larvae and subsequent encapsulation by host blood cells. 
Kaya and Tanada (1969) also reported lethargic behavior by adult parasi­
toids exposed to high temperatures. Marcovitch (1958) previously suggested 
that hot and dry weather was more detrimental to parasitoids than to their 
host larvae. He also suggested a similar relationship between viral 
organisms and AW hosts. 
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Favorable weather conditions during 1982 for parasitoid development 
resulted in suppression of AW larval populations, or at least an overall 
reduction in feeding (Calkins and Sutter, 1976). In 1983, however, un­
favorably high temperatures (Table 4) probably alleviated AW larval feed­
ing influences (Table 3), while depressing parasitoid activity and effec­
tiveness (Table 5). 
Yield Experiments 
Statistical analysis of 1982 data revealed nonsignificant differences 
in mean adjusted yields between the various density and instar levels 
(Table 6). Additionally, adjusted yields were similar between uninfested 
plants and the various instar-density treatment combinations (Table 5). 
These data suggest that larval AW populations as high as three insects per 
plant cannot appreciably affect conventionally tilled field corn yields, 
regardless of AW developmental stage. 
Table 6. Mean adjusted yields® (grams) per plant for AW infested and un­
infested field corn, 1982 
Density 
Instar 0 12 3 Mean^ 
0 215.1 — — — 21u.l a 
4 — 223.5 234.1 225.0 227.6 a 
5 — 223.2 222.2 215.1 220.2 a 
6 — 217.1 218.5 225.2 220.3 a 
Meanb 215.1 b 221.3 b 224.9 b 221.8 b 
^Adjusted to 15% moisture. Instar 0, Density 0 = uninfested check. 
^Means followed by the same letter within instar and density levels 
are not significantly different at the 0.05 level; Bonferrorri simultaneous 
t-test. 
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Analysis of variance on 1983 mean adjusted yields indicated nonsig­
nificant interactions between corn plants infested with the various AW in­
stars and densities. Additionally, yields were similar between plants in­
fested with 1 larva per plant and corn with 2 or 3 larvae per plant. Fig­
ure 3, however, depicts the significant main effect difference between corn 
plants infested with fourth instar larvae and plants supporting fifth and 
sixth instars. Likewise, uninfested plants yielded significantly more than 
corn infested with fourth instars, but yield was similar between uninfested 
plants and corn infested with fifth or sixth instars (Figure 3). 
Defoliation data (Table 3) do not show a significant amount of feed­
ing by fourth instars during the infestation period. Additionally, in 
1983, parasitoid pressure on fourth instars was quite extensive (Table 5). 
Therefore, yield difference in 1983 observed between fourth-instar infested 
corn and uninfested or late instar infested corn are caused by unknown 
factors and are not entirely ascribably to fourth instar AW feeding 
behavior. 
Table 7 reflects the comparison between 1982 and 1983 adjusted grain 
yields. The yield differences between years are attributable to adverse 
environmental conditions in 1983. The environmental data are particularly 
important during the reproductive phase of corn development. During August, 
1982, 12.2 cm of rain fell, versus no rainfall for the same period of 1983. 
Furthermore, in 1982, during the time from tassel initiation to final silk­
ing {i.e., August 1-August 15), 8.6 cm of precipitation fell. I believe, 
therefore, that a primary factor explaining yearly differences is the in­
fluence of favorable (or "normal") temperatures and precipitation on the 
corn plants during the compensatory or reproductive phases of development. 
Figure 3. Mean adjusted yields (grams) per plant for uninfested corn 
and corn infested with armyworm larvae, 1983 
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Table 7. Comparison between years of mean yields^ (grams) per plant for 
armyworm infested and uninfested field corn 
Year Mean 
Instar 1982 1983 difference 
Check 215.1 169.5 45.6 
4 227.6 137.3 90.3 
5 220.2 169.1 51.1 
6 220.3 162.7 57.6 
^Adjusted to 15% moisture. 
Mean adjusted (15% moisture) yields (grams) per plant for cage-cov-
ered and uncaged field corn, infested with various instars and densities 
(treatment) and the uninfested check are provided in Table 8. Statistical 
analysis between and within plot types (cage-covered vs. uncovered) re­
vealed nonsignificant differences in adjusted corn yields, between AW in­
fested and uninfested plants, regardless of cage presence (Table 8). 
To determine if yield differences existed because of a specific instar 
or density, statistical contrasts were conducted. This analysis indicated 
nonsignificant interactions between instars and densities. Additionally, 
yields of plants infested with specific AW instar or densities were simi­
lar (Table 9). 
Results of this additional experiment support the conclusions of the 
primary experiment on corn yield. Although a simultaneously infested de­
foliation experiment, using caged plants, was not conducted, observations 
on AW larval feeding were made. Nearly every infested plant for this ex­
periment exhibited 50% or more defoliation. Yield differences, however. 
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Table 8. Mean adjusted yields^ 
and un infested corn; 
(grams) per plant in 1983 of AW 
screen-covered or uncovered 
infested 
Screen cage 
Treatment ^  Absent Present Mean^ 
Check 144.2 170.1 157.2 a 
I4*D6 139.1 150.8 149.9 a 
14*012 157.4 157.1 157.2 a 
I6*D6 168.6 152.5 160.5 a 
I6*D12 164.2 167.0 165.6 a 
Mean 154.7 a 161.5 a 
^Adjusted to 15% moisture. 
^Treatment = All possible instar*density combinations; I = instar, 
D = density. 
Means followed by the same letter within and between columns are 
not significantly different at the 0.05 level of probability; ANOVA, F-
test. 
Table 9. Mean adjusted yields^ (grams) per plant of AW infested and un-
infested field corn, 1983 
Instar (at Density (larvae/plant) 
infestation) 0 6 12 Mean 
0 157.2 — — 157.2 a 
4 149.9 157.2 153.6 a 
6 160.5 165.6 163.1 a 
Mean 157.2 a 155.2 a 161.4 a 
Adjusted to 15% moisture. Instar 0, Density 0 = uninfested check. 
Means followed by the same letter within and between columns are not sig­
nificantly different at the 0.05 level of probability; Statistical Con­
trast ANOVA, F-test. 
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were nonevident for these heavily defoliated plants (Table 9). The plants 
of only one treatment combination (I4*D6) yielded numerically less than 
the uninfested check plants; however, this difference was nonsignificant. 
The results of this additional experiment suggest that the hypothesis 
of El dredge (1935) has merit that, during drought years, corn plants sub­
jected to heavy or complete defoliation will yield comparable to or better 
than undefoliated plants. In contrast, corn sustaining one-third defolia­
tion, during drought conditions, yields proportionately (dependent on stage 
of defoliation) less than undefoliated plants. Eldredge (1935) attributed 
this discrepancy to adequate soil moisture for defoliated plants. He sug­
gested that undefoliated or lightly defoliated corn exhausts available 
soil moisture through leaf transpiration. This relationship is reversed 
for heavily defoliated plants. Corn sustaining heavy defoliation during a 
drought year will not deplete available soil moisture initially, thereby 
provisioning water for later plant use. Rice et al. (1982b), working with 
AW larval populations in rice, recognized the possible influence of en­
vironmental conditions or management practices when dealing with this 
plant defoliator. These authors also suggest a "tolerance" for heavy de­
foliation (ca. 50%) under favorable environmental conditions, and during 
early plant development. Their suggestions coincide well with results of 
this experiment and together downgrade the importance of defoliation in­
jury by early sunmer AW larval populations on conventionally-tilled field 
corn in Iowa. 
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CONCLUSIONS 
Although yearly defoliation differences existed, the results of these 
experiments elucidate some important areas of interest to growers and eco­
nomic entomologists in Iowa. Specifically, under normal Iowa environmental 
conditions (1982), 7-8 Zs corn can sustain nearly 21% defoliation by AW 
larvae and somehow compensate and/or recover, producing yields comparable 
with undefoliated corn. During hot dry years, 9-lOZs corn sustaining very 
little (j<6%) or heavy (>^50%) defoliation will also produce yields similar 
to undefoliated plants. The results of this experiment emphasize the abil­
ity of present-day field corn hybrids (in a prereproductive phase) planted 
in conventionally-tilled fields to compensate or outgrow defoliation. 
A tenuous balance may exist between AW larval parasitization, temper­
ature, and larval feeding behavior. During an AW larval infestation peri­
od, high temperatures may eliminate the larvae and/or decrease larval feed­
ing capacity. Parasitization rates may also be detrimentally affected by 
these high temperatures. A similar balance may exist between corn plant 
growth and precipitation. During drought years, plant compensatory and/or 
regrowth abilities are adversely affected, particularly if dry conditions 
persist throughout the reproductive phase of corn development. Results of 
the 1983 experiments support these latter two suggestions, and emphasize 
the importance of favorable temperatures and moisture in compensating for 
AW defoliation in corn. 
The implication that temperature, precipitation and parasitization 
are vital aspects in determining larval armyworm problems may have impor­
tant ramifications in modeling and/or creating an effective IPM program 
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for this insect. Results of these experiments suggest that predicting and 
assessing larval annyworm problems in conventionally-tilled corn are diffi­
cult. The effect of significant interactions between extrinsic (i.e., 
plant compensation, weather, and parasitization) and intrinsic (i.e., AW 
susceptibility to high temperatures) larval population regulating variables 
will increase the complexity of information available for an integrated 
pest management program. Additionally, the rapid acceptance and use of 
reduced tillage practices in the Midwest may further confound existing in­
formation on AW damage potential relationships. The present experiments, 
however, will provide a benchmark for further studies on larval arnyworm 
populations in no-till or reduced tillage corn ecosystems. 
A comprehensive economic threshold (ET) for AW larvae on corn is not 
presented because multiple pest, tillage, and stress factors were not in­
corporated into this experiment. Poston et al. (1983), however, concep­
tualized progress toward comprehensive ETs by using nominal (observed) or 
simple (calculated) decision criteria. Therefore, based on results from 
the present experiment concerning AW damage on corn grown in conventional­
ly-tilled fields, a nominal or simple ET of four or more AW larvae (regard­
less of larval stadium) per plant is proposed. However, because nonsignif­
icant yield reductions were obtained from plants damaged by three AW lar­
vae, this nominal or simple ET may represent a very conservative economic 
estimate. Additionally, larval recovery (Table 5) from infested plants may 
indicate even lower AW larval populations throughout the infestation 
period. Several factors, impinging on the phenological balance between 
larva and plant, should be considered before implementing a management de­
cision. These factors include: corn growth response to defoliation. 
55b 
parasitization of AW larvae, and environmental effects on both corn growth 
and AW larval populations. Further scrutiny of corn growth response to 
larval AW feeding that incorporates the effects of these factors, within 
various tillage regimes, may result in a comprehensive economic threshold 
for defoliation in corn by AW larval populations. 
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PART II. CORN, ZEA MAYS L., GROWTH RESPONSE 
TO LARVAL ARMYWORM, PSEUDALETIA 
UNIPVNCTA (HAWORTH), DEFOLIATION 
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INTRODUCTION 
Several authors report increases in regrowth potentials and yield 
for insect- or simulated-defoliation of various grains and grasses (Dyer 
and Bokhari, 1976; Capinera and Roltsch, 1980; Rice et al., 1982b). Hail 
simulation studies (Part I), provide further evidence of increased re-
growth potentials for damaged plants (Eldredge, 1935; Baldridge, 1976; 
Crookston and Hicks, 1978). Additionally, the plant developmental stage, 
when damage occurs, will influence regrowth and/or plant compensation lev­
els (Kiesselbach and Lyness, 1945; Crookston and Hicks, 1978; Rice et al., 
1982b). Early plant defoliation seemingly is less harmful because un­
developed leaves continue to grow. The influence of  arqyworm (AW), Pseu-
daletia unipuncta (Haworth), larval feeding on conventionally-planted 
corn obviously will depend on plant developmental stage when attacked and 
larval population characteristics (density, instar, parasitoid pressure). 
Therefore, the importance of measuring how a plant reacts to herbivory 
over time is crucial. 
The majority of crop studies of insect pressure have relied on yield 
components alone to quantify plant response. When plant sampling is lim­
ited to these few discrete values, hidden differences or effects are ig­
nored at harvest. This ignorance may lead to the assumption that crop de­
velopment was not significantly altered (Evans, 1972). 
Using growth analysis, attempts have been made to define the effects 
of physical stress on plant development (Watson, 1947; Blackman and Wilson, 
1951). Growth analysis techniques, however, have received little emphasis 
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when attempting quantification of specific levels of a particular biologi­
cal stress on crop growth and development. 
The present experiment was conducted, therefore, to elucidate the 
feeding abilities of larval AW populations in conventionally-tilled corn 
ecosystems, and to determine how this feeding influences plant growth. 
59 
MATERIALS AND METHODS 
Collection and rearing of insects, field preparation, climatological 
data monitoring and manual infestation for this experiment are detailed in 
the companion study (Part I). After manual infestation in both years, 
plants were taken from the field starting two days after infestation, and 
san^)ling continued every other day for approximately two weeks. At the 
end of these periods, additional feeding was not evident, and larvae were 
not recovered from plants. 
Corn plants were field-collected during 7-12 Is and 9-14 Is in 1982 
and 1983, respectively. All corn leaf stages were subjected to statisti­
cal analysis to elucidate the effects of defoliation by AW larvae on corn 
growth. 
During the two-week sampling period, extended leaf height, nunter of 
larvae, and larval condition (i.e., parasitized or unparasitized) were re­
corded on randomly selected plants. These plants then were cut at the soil 
surface, tagged according to replication, treatment, and location within 
treatment, and taken to the laboratory for further analysis. Each leaf of 
a sacrificed plant was excised from the stalk (at the collar) and, to flat­
ten the leaf, the midrib was rolled with a modified pizza roller. Leaves 
were ironed and numbered (with a felt-tip marker) according to position on 
the plant. Rolling and ironing corn leaves allowed accurate measurement 
of leaf area and simplified transport. Each leaf of a sacrificed plant 
was placed in a homemade leaf press (Figure 2) and transported to Iowa 
State University, where leaf area measurements were recorded. 
A portable, automatically integrating planimeter (Li-Cor®, Model 
60 
L1-3000)^ provided nondestructive estimates of corn leaf area for all 
treatments. Leaf area estimates were taken at Ames and corn stalks were 
dried at Ankeny, Iowa, in a Hotpack drying oven (Model 212061). Drying 
temperature was maintained at approximately 100°C. After obtaining leaf 
area estimates, each set of plant leaves was folded inside paper bags and 
placed in the drying oven. Using a Mettler® PC2200 delta.range top-loading 
balance, measurements were taken on leaf, stalk, and total dry weight (DWT). 
All measurements were subjected to statistical analysis to determine if 
feeding differences between larval AW instars or larval densities existed, 
and the effect, if any, of herbivory on plant development or compensatory 
abilities. 
To assess the effect of AW larval populations on corn plants during 
larval and corn development, certain plant parameters were analyzed (Table 
10).  
Table 10. Plant parameters measured on uninfested corn and corn infested 
with armyworms of various ages and densities 
1) Total Leaf Area (TLA) Leafj Area + Leafg Area + Leaf^ Area 
2) Leaf Area Ratio (LAR) Total leaf area/total dry weight expressed 
as: cnf/g 
3) Specific Leaf Area (SLA) Total leaf area/leaf dry weight expressed 
as: cnf/g 
4) Total Dry Weight (DWT) Leaf dry weight + support dry weight ex­
pressed in: g 
5) Leaf Weight Ratio (LWR) Leaf dry weight/total dry weight x 100 ex­
pressed in: % 
6) Support Weight Ratio (SWR) Stalk dry weight/total dry weight x 100 ex-
pressed in: % 
^Purchased from Li-Cor, Box 4425, Lincoln, Nebraska. 
2 Purchased from Hotpack Co., Philadelphia, PA. 
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Total above-ground DWT of corn was partitioned into leaf DWT (LDWT) 
and support (stalk) DWT (SDWT). The position of each damaged leaf on 
field-collected plants was also recorded to ascertain if larval AW popula­
tions preferred younger (upper one-half) or older (lower one-half) plant 
tissue. Additionally, each leaf received a defoliation rating (Table 11), 
This rating was ultimately used to estimate total plant defoliation. 
Table 11. Subjective defoliation rating system used for each plant leaf 
on AW infested corn 
Defoliation rating 
Category % defoliation 
1 0 
2 10 
3 20 
4 35 
5 50 
6 75 
7 100 
Toirnunl"'of tvJs pSt = defoliation 
After sorting corn plants according to developmental leaf stage, sta­
tistical analyses were conducted on damaged plants infested with AW larvae 
and uninfested corn. Nondefoliated plants infested with AW larvae were ex­
cluded from these analyses. These sorting procedures generated unbalanced 
data sets in all remaining infested treatments. Therefore, standard split-
plot analyses were inappropriate. All pertinent growth parameters from AW 
infested and uninfested corn plants were plotted, allowing visual assess­
ment of interaction effects. Main effect variances were tested for equali­
ty, then subjected to several two-sample t-tests. 
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Similar analyses were also conducted on undamaged young leaves of 
older plants to determine if earlier defoliation by AW larvae significantly 
increased leaf size of infested plants over uninfested corn leaf size. 
Affirmation of a significant increase would suggest plant compensation fol­
lowing defoliate injury. 
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RESULTS AND DISCUSSION 
On field-collected plants, more upper leaves showed damage than lower 
leaves (854 vs. 213 in 1982 and 594 vs. 122 in 1983). This obvious selec­
tion of new leaf tissue may indicate a preference for young leaves, or 
the bias of infestation procedures. At each infestation density, at least 
one AW larva was placed in the developing plant whorl. During early morn­
ing (0800 to 0900 hrs) sampling, some larvae were observed feeding on lower 
leaves of corn plants; however, when temperatures increased, these insects 
sought seclusion on the ground. Larvae feeding on upper leaves, however, 
simply crawled into the plant whorl or between overlapping leaves on the 
upper portions of plants. Preference for young leaf tissue by AW larvae 
placed on the upper plant portions suggests a selection for feeding on 
corn whorl leaves or a negative geotaxis and characterizes the typical 
feeding behavior of early summer AW larval populations on 7-10 leaf stage 
ils) corn in Iowa. 
Mean percentage defoliation and the area of corn leaf tissue remain­
ing for two representative leaf growth stages in 1982 and 1983 are pre­
sented in Figures 4-7. 
In 1982, all plants defoliated by AW larvae sustained a significant 
(P=0.Q5) amount of leaf tissue loss (Figure 4A-B). Although mean leaf 
areas of 7-1$ plants (Figure 5A) produced similar trends, only four larval 
defoliation treatments produced significantly less leaf area than unin­
fected plants. In 1982, the majority of plants infested with AW larvae 
for a particular Is showed mean leaf area relationships and defoliation 
figures similar to 8-ls corn (Figures 48 and SB). Mean leaf areas of 
Figure 4. Mean percentage defoliation of corn by artnyworm larvae of various ages and densities, 
1982 
(A) 7-ls  corn 
(B) 8-Is corn 
Asterisk (*) indicates significantly (P=0.05) different from 0; one sample T-test. (JC = 
uninfested check, 4th = fourth instar infested corn, 5th = fifth instar infested corn, 
6th = sixth instar infested corn 
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Figure 5. Mean leaf areas (cmf) of corn infested with arqyworms of various ages and densities, 
1982 
(A) 7-ls corn 
(B) 8-ls corn 
Asterisk (*) indicates significantly (P=0.05) different from uninfested check; two 
sample T-test. UC = uninfested check, 4th = fourth instar infested corn, 5th = fifth 
instar infested corn, 6th = sixth instar infested corn 
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most leaf stages, except 7-ls, were similar to leaf areas of uninfested 
plants. 
The only noticeable defoliation interaction in 1982 is attributable 
to more feeding by sixth instars than feeding by fourth and fifth instars 
at low (1) and high (3) infestation densities (Figure 4A-B). Additionally, 
during 8-ls corn development, plants infested with fifth instars sustained 
more defoliation over all densities than corn attacked by fourth instars 
(Figure 4B). These defoliation estimates, however, fail to explain the in­
consistency (interaction) between leaf areas of plants sustaining AW feed­
ing and undefoliated plants (Figure 5B). 
In 1982, absence of significant leaf area differences between AW in­
fested and uninfested plants, and the obvious interaction in leaf areas of 
corn defoliated by AW larvae, are because two of the three replicates had 
infested and uninfested plants located in low, poorly-drained areas. Af­
ter infesting, on June 12, 2.5 mm of rain fell with an additional 55 mm 
three days later. Plants in low areas stood in water for 2-3 days and ex­
hibited discoloration and spindly growth. This slow, spindly growth is re­
flected by smaller leaf areas (Figure 58). Plant defoliation results (Fig­
ure 4B) therefore, may seem deceptive. Small leaf areas of uninfested 
plants (Figure 5B), coupled with significantly higher defoliation of corn 
infested with AW larvae (Figure 4B) explains the lack of significance in 
1982 between leaf areas of AW infested and uninfested plants. Likewise, 
location of plants supporting AW larvae, in these moist conditions, may af­
fect their plant growth characteristics. 
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Although less defoliation of 10-Zs and 11-ls  corn occurred in 1983 
than in 1982, similar relationships persisted (Figure 6A-B). During 10-Zs, 
all defoliated plants, except those infested with one sixth instar AW, ex­
perienced significantly higher leaf tissue loss than uninfested corn (Fig­
ure 6A). Corn defoliated during the 11-ls also sustained significant 
amounts of feeding by AW larvae (Figure 6B). Only 11-Zs plants infested 
with three fourth instar AW exhibited leaf tissue loss similar to the 
uninfested check (Figure 6B). In 1983, the interaction for 10-Is 
corn is attributable to more feeding by fifth instar AW over all densities, 
and greater defoliation of corn infested with one fourth instar per plant 
(Figure 6A). During the 11-ls of corn development, the interaction remains 
but is ascribable to inconsistencies of fourth instars over the various AW 
densities (Figure 6B). 
Mean leaf areas of 10- and 11-Zs corn (Figure 7A-B) confirm results of 
the subjective defoliation rating (Figure 6A-B). The interaction for 10-Zs 
corn IS because plants infested with fifth instar AW over all densities 
sustained greater defoliation than did other infested plants (Figure 7A). 
During 11-Zs corn development, the interaction of mean leaf area per plant 
between plants infested with three densities of fourth instar AW were in­
consistent with the mean leaf areas of corn supporting three densities of 
fifth and sixth instars (Figure 7B). 
Although 1982 leaf areas were replete with interaction effects, sub­
jective defoliation percentages in both years were relatively consistent. 
Therefore, statistical analyses were conducted on these percentages to de­
termine if main effect differences in defoliation were evident. 
Figure 6. Mean percentage defoliation of corn infested with armyworms of various ages and densities, 
1983 
(A) 10-ÎS corn 
(B) 11-Is corn 
Asterisk (*) indicates significantly (P=0.05) different from 0; one-sample T-test. UC = 
uninfested check, 4th = fourth instar infested corn, 5th = fifth instar infested corn, 
6th = sixth instar infested corn 
MEAN % DEFOUATION 
4th fitti 
mucm 
Mh 
wàooooooBn 
A. 1983 - 10 Is CORN 
12 
10 
6 
e 
4 
2 
0 
MEAN % DEFOUATION 
B. 1983 - 11 Is CORN 
TTcT 
i 
« • 
LARVAE/PLANT 
Figure 7. Mean leaf areas (cmf) for corn infested with annyworms of various ages and densities, 
1983 
(A) 10-Is corn 
(B) 11-Is corn 
Asterisk (*) indicates significantly (P=0.05) different from uninfested check; two-sample 
T-test. DC = uninfested check, 4th = fourth instar infested corn, 5th = fifth instar in­
fested corn, 6th = sixth instar infested corn 
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Additionally, mean leaf area main effects for 1983 were analyzed to confirm 
or refute results of the subjective defoliation rating system. 
Statistical analysis of two representative leaf stages attacked by 
three densities of AW from each year (Figures 4-7) showed similar defolia­
tion percentages. 
Mean percentage defoliation for 1982 and 1983 by AW instars during the 
dominant leaf stages sampled are presented in Figure 8A-B, respectively. 
All plant stages defoliated by larvae exhibited significant loww of 
leaf tissue compared to uninfested corn. 
In 1982, differences in defoliation by AW in various stadia (Figure 
8A), coupled with nonsignificant effects of AW densities, confirm the as­
sessment of the instar by density interaction (Figures 4A-B) for 7- and 
8-Zs corn. During 7- and 8-ls corn, significant differences in defoliation 
were revealed between plants infested with sixth instars and corn in­
fested with fourth instars (Figure 8A). Additionally, there were signifi­
cant differences in defoliation of 8-Is plants between each larval stadium. 
However, 7-ls corn infested with fifth or sixth instars were defoliated 
similarly (Figure 8A). 
In 1982, more feeding by sixth instar AW during 7- and 8-ls  corn de­
velopment coupled with increased defoliation by fifth instar AW on 8-ls 
plants account for the interaction in percentage defoliation (Figure 4A-B). 
In 1983, defoliation of older corn leaf stages was similar for plants 
attacked by fourth and sixth instars (Figure 8B). There was a reduction 
in defoliation of older corn leaf stages by sixth instars and an increase 
in feeding by fourth instar AW. This reversal in feeding behavior of the 
Figure 8. Mean percentage defoliation of several corn leaf stages by armyworms of varying ages, (A) 
1982, (B) 1983. Means followed by the same letter within each leaf stage are not signifi­
cantly (P=0.05) different; two-sample T-test. UC = uninfested check, 4th = fourth instar-
infested corn, 5th = fifth instar-infested corn, 6th = sixth instar-infested corn 
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two instars indicates cessation of feeding by sixth instar AW about to 
pupate and an increase in feeding by larvae that were placed on the plants 
as fourth instars. 
In 1983, significant differences in defoliation of 9-ls corn were 
found between plants infested with fifth instar AW and corn supporting 
fourth or sixth instars. These significant differences in defoliation are 
primarily attributable to a small sample size of plants infested with 
fourth and sixth instar AW. Only four and six 9-ls plants, respectively, 
were taken from these treatments. 
This trend for a feeding difference between fourth and sixth instars, 
although nonsignificant, remained during the 10-Is of corn development 
(Figure 8B). Results of analyses of defoliation by various AW instars 
and the nonsignificant effects of AW densities in 1983 support the inter­
pretations of instar by density interactions during 10- and 11-îs corn de­
velopment (Figure 6A-B). Leaf consumption of 10-Is corn by fifth instar AW 
was significantly greater than defoliation of 10-Zs corn by fourth instars. 
Defoliation of 11-îs corn by all instars of AW was similar, and these simi­
larities remained for each subsequent leaf stage sampled. Particularly 
overshadowing in 1983, during each corn developmental stage, fifth instar 
AW consumed more leaf tissue than fourth or sixth instars (Figure 8B). 
The area of corn leaf tissue remaining after AW defoliation for the 
dominant leaf stages sampled in 1983 is presented in Figure 9. Instar 
differences and trends confirm results of the subjective rating system 
(Figure 88). Although defoliation pressure by AW larvae was insufficient 
to cause significant leaf area reductions, a definite trend for smaller 
Figure 9. Mean leaf areas (cmf) of several corn leaf stages infested with arn\yworms of various ages, 
1983. Means followed by the same letter, within each leaf stage, are not significantly 
(P=0.05) different; Two-sample T-test. UC = uninfested check, 4th = fourth instar-
infested corn, 5th = fifth instar-infested corn, 6th = sixth instar-infested corn 
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leaf areas of infested plants is evident. Leaf areas of 10-Is corn in­
fested with fifth instar AW were significantly smaller than uninfested 
corn (Figure 9). Additionally, plants infested with fourth and sixth in-
star AW had significantly greater leaf areas than plants infested with 
fifth instars. By the 11-Zs, defoliation of all infested plants was similar; 
however, plants infested with fifth instar AW had significantly less leaf 
area than uninfested plants. 
In 1983, the overall reduction in defoliation is attributable to high 
temperature extremes during the initial six days of infestation (Part I). 
Temperatures in 1982, however, were quite favorable for AW feeding. Mean 
leaf areas of 10-îs corn infested with AW larvae and the mean leaf area of 
uninfested plants for both years are presented in Table 12. 
Table 12. Mean leaf areas (cnf) of 10-Is corn plants infested with army-
worms of various ages 
Mean leaf area within years^ 
Instar 1982 1983 Mean difference^ 
0 1263.3 a 1794.0 a 527.7** 
4 1198.8 a 1788.5 a 589.7** 
5 1261.2 a 1403.6 b 142.4 ns 
6 1204.8 a 1748.9 a 544.1** 
^Means within the same year followed by the same letter are not sig­
nificantly different at the 0.05 level of probability; Two-sample t-test. 
^** indicates difference between years is significant at the 0.01 
level; T-test. 
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In 1983, except for plants infested with fifth instars, all plant leaf 
areas were significantly greater than the corn leaf areas were during 1982. 
This significant difference in leaf areas between years is attributable to 
two possible factors. First, 1982 experiments were conducted in a field 
planted to corn the two preceding years. Secondly, 1982 temperatures dur­
ing the initial seven days after infestation were considerably cooler than 
1983 temperatures. 
Several researchers (Guenzi and McCalla, 1966; Guenzi et al., 1967; 
Rice, 1974; Elliot et al., 1978) have shown the inhibitory (allelopathic) 
effects of many plant residues, including crop plants, on corn growth and 
yield. Bhowmik and Doll (1982) reported that, 42 and 72 days after plant­
ing, corn grown with soil residues consisting primarily of old corn 
was significantly shorter (extended leaf heights) than corn planted in a 
conventionally-tilled alfalfa field. These reports provide one possible 
explanation for smaller leaf areas in 1982 than in 1983. 
An additional explanation for slower leaf expansion in 1982 could be 
lower temperatures. Lehenbauer (1916) first reported that significant corn 
growth began at temperatures around 10°C (50°F) and optimum growth rates 
occurred near 30°C (86°F). Newman (1971) reports that during the day op­
timum corn growth ranges between 25°C (77°F) and 32.8°C (91°F), while at 
night temperatures between 16.7°C (52°F) and 23.3°C (74°F) are more favor­
able for corn development. In 1983, during the initial seven days after 
infestation, daytime and nighttime temperatures were often within the range 
for optimum corn growth (Part I, Table 4). Although temperatures during 
the same period in 1982 were optimal for AW larval feeding, they were quite 
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poor for corn growth. In 1982, daytime temperatures during the initial 
seven days after infestation never reached the optimum for corn growth 
(often falling below the optimum range), while nighttime temperatures were 
consistently below the optimum range (Part I, Table 4). 
Mitchell (1970) reports that "leaves differentiated at low tempera­
tures are never as large as those differentiated at high temperatures, even 
though they both grow at the same medium to high temperatures after dif­
ferentiation. " Knoll et al. (1963) found that, during the first 35 days, 
root zone temperatures lower than 20°C adversely affected corn dry matter 
production. Several researchers report lower soil temperatures where corn 
residues are left on the surface (Burrows, 1963; Olson and Schoeberl, 1970; 
Blevins et al., 1971; Griffith et al., 1973). Hypothetically, various fac­
tors alone or combined could explain the smaller leaf areas in 1982 (Table 
13). Nonsignificance between years of mean leaf areas for 10-îs corn in­
fested with fifth instars (Table 13) is attributable to significantly 
greater defoliation by this larval treatment during 1983 (Figure 88). Ex­
posure to the high temperatures experienced in 1983 allowed quick molting 
of fifth instars to the sixth larval stadium. Sixth instars were recovered 
from fifth instar infested plants two and six days after manual infesta­
tion in 1982 and 1983, respectively. Eighty percent of the total foliage 
eaten during larval development is consumed during the sixth stadium. 
Therefore, the greater defoliation figures obtained from corn infested with 
fifth instars are attributable to quick molting of fifth instars and their 
subsequent feeding as sixth instars. 
In both years, late sampling dates of the post-infestation period 
were quite favorable for plant compensation and/or regrowth potential 
83 
Table 13. Environmental data collected during the second week of the ex­
periment, 1982 and 1983 
Tenperature (°C) _ Precipitation 
Year Month/day Maximum Minimum Daily (x) (cm) 
1982 6/27 30.0 20.0 25.0 0 
6/28 30.0 20.5 25.2 1.0 
6/29 26.7 23.3 25.0 0 
6/30 21.7 16.7 19.2 1.5 
7/1 22.2 16.1 19.1 0 
7/2 28.3 17.8 23.0 1.4 
7/3 32.7 21.1 26.9 0 
(x) 27.4 19.3 23.3 
1983 6/30 32.2 18.9 25.5 5.1 
7/1 32.2 20.0 26.1 .33 
7/2 30.0 21.1 25.5 2.8 
7/3 31.7 22.2 26.9 0 
7/4 24.4 16.1 20.2 3.3 
7/5 25.5 14.4 19.9 0 
7/6 27.8 15.0 21.4 0 
(x) 29.1 18.2 23.6 
(Table 11). Diurnal temperatures in 1982 and 1983 fluctuated slightly 
around the optimum temperature (30°C) for corn growth, and averaged 27.4°C 
and 29.rc, respectively. Adequate rainfall also aided in possible plant 
compensation or regrowth (Table 13). Under conditions (defoliation) limit­
ing normal leaf expansion, favorable temperatures combined with adequate 
moisture would favor shoot (leaf) growth over root growth (Mitchell, 1970). 
In 1983, older Zs corn produced similar leaf areas whether plants were 
uninfested or infested with AW larvae (Figure 9). Additionally, older corn 
infested with AW larvae often exhibited larger mean leaf areas than 
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uninfested plants (Figure 9). Thus, some measure of compensatory growth 
was evident in defoliated plants. 
Table 14 presents pertinent growth parameters of older corn leaf stages 
for 1993 and 1983. In 1982, smaller mean leaf areas (MLA) were found for 
plants infested with AW larvae compared with uninfested plants. Signifi­
cantly smaller leaf areas were revealed at the 12-ls for plants supporting 
AW larvae (Table 14). Although mean plant dry weights (DWT) were similar 
in 1982, leaf weight ratios (LWR) for both older leaf stages were signifi­
cantly greater for plants infested with AW larvae than LWR for uninfested 
plants. Additionally, in 1982, support weight ratios (SWR) were signifi­
cantly greater for uninfested plants (Table 14). This redistribution of 
plant DWT provides circumstantial evidence of plant compensation or, at 
least, indicates a possible shift in carbohydrate supply favoring shoot 
(leaf) growth. 
In 1983, similarities between LWR and SWR were revealed for both un-
defoliated plants and corn defoliated by AW larvae (Table 14). Trends for 
greater LWR and smaller SWR for defoliated plants, however, were similar to 
1982. 
In both years, statistical analyses of undamaged younger leaves on 
older plants showed similarities in mean leaf area between plants defoli­
ated by AW larvae and undefoliated corn. These similarities amoung younger 
leaves may refute the hypothesis of compensation. This similarity, how­
ever, also indicates that conventionally-planted corn develops fast, early 
in the growing season, and reaches the log phase (Mitchell, 1970) of the 
growth curve before substantial feeding by early summer AW larval 
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populations occurs. Results of this experiment, therefore, suggest that 
7-10 Is corn grown in conventionally-tilled fields is large enough to sus­
tain moderate (<20%) defoliation, and continue normal leaf expansion after 
defoliate injury. This normal continuance of growth, following defolia­
tion, may be dependent on favorable environmental conditions (Table 13). 
Table 14. Mean growth parameters for older corn leaf stages sampled during 
arniyworm infestation 
Leaf growth Growth Plant condition® 
Year stage parameter Defoliated Undefoliated 
1982 11 MLA 1811.5 a 1876.6 a 
LWR 64.0 a 62.5 b 
SWR 36.0 a 37.5 b 
12 MLA 2417.1 a 3114.0 b 
LWR 62.0 a 59.0 b 
SWR 38.0 a 41.0 b 
1983 13 MLA 3595.9 a 3623.2 a 
LWR 58.1 a 57.0 a 
SWR 41.9 a 43 a 
14 MLA 4272.4 a 4230.8 a 
LWR 56.0 a 55.0 a 
SWR 44.0 a 45.0 a 
Individual growth parameter means in the same year followed by the 
same letter are not significnatly differnot at the 0.05 level; two-sample 
T-test. 
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CONCLUSION 
Results of this experiment have shown that defoliation by AW larval 
populations on conventionally-tilled field corn in Iowa has little or non­
significant effect on subsequent plant growth. This lack of plant growth 
response to insect damage is probably a tolerance response to plant defoli­
ation. Gardner and Fletcher (1974) discuss this response in greater de­
tail. Additionally, Mitchell (1970) provides a partial explanation for a 
plant's tolerant response to defoliation. 
Corn grown in fields subjected to conventional tillage practices de­
velops quickly, reaching the linear phase of the sigmoid growth curve be­
fore defoliation by AW larvae occurs (Mitchell, 1970; Bardner and Fletcher, 
1974). Ritchie and Hanway (1982) report that, once corn reaches the 3-Is 
of development, severe defoliation of exposed leaves by hail, wind or frost 
will have no effect on subsequent plant growth. Results of this experiment 
further suggest that 7-10 Zs corn sustaining moderate levels (<30%) of de­
foliation by AW larvae during this linear (log) phase of plant growth can 
maintain subsequent leaf expansion and crop growth rate. 
Results from field-collected plants during AW larval feeding indicate 
that a subjective ranking of defoliation provides an adequate appraisal of 
AW larval feeding behavior. This subjective assessment of defoliation, 
however, should undergo further study on younger corn plants in various 
tillage systems. This additional scrutiny may elucidate a different evalu­
ation of AW larval feeding behavior than that obtained on 7- to 10-Is corn 
in conventionally-tilled corn ecosystems. 
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DISCUSSION 
Results of this experiment, while downgrading the importance of corn 
defoliation by early summer AW larval populations on conventionally-tilled 
field corn in Iowa, also have elucidated some possible problems confront­
ing proponents of reduced or no-till corn production. Corn grown in fields 
subjected to conventional tillage operations develops faster and reaches 
the log phase (Mitchell, 1970) of the growth curve before significant feed­
ing by AW larval populations occurs. Corn grown in reduced tillage sys­
tems, however, may remain in the lag phase of the growth curve (Mitchell, 
1970) longer, exhibiting less leaf area and a more spindly growth form. 
During this lag phase of plant growth, corn is undergoing several internal 
changes (leaf and ear shoot differentiation) that are preparatory to growth 
(Mitchell, 1970). Each of these corn growth characteristics in reduced-
tillage systems may increase corn susceptibility to AW larval feeding. Ad­
ditionally, the occurrence of smaller plants, with insufficient foliage to 
satiate the feeding of AW larvae may ultimately result in cutting or drill­
ing of plant stems by larvae. Even if AW larvae retain their strict leaf 
feeding behavior, slower plant growth of corn developing under reduced 
tillage systems may permit enough time for endemic AW larval populations 
to completely defoliate these smaller corn plants. 
The 3-Zs (V3) of corn development (Ritchie and Hanway, 1982) denotes 
the initiation of all leaves and ear shoots that the plant will eventually 
produce. At V3, defoliation of exposed leaves by hail, wind or frost will 
have little or no effect on the below-ground growing point or final grain 
yield (Ritchie and Hanway, 1982); however, destruction of internal 
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(unexposed) meristematic tissue could impede leaf elongation and/or car­
bohydrate distribution (Mitchell, 1970). 
Data from the present experiment and past work (Knoll et al., 1963; 
Mitchell, 1970) have shown that temperature reductions during early corn 
development may impede plant growth; however, feeding behavior of larval 
AW populations is unaffected (Meyer, 1951; Guppy, 1961; McLaughlin, 1962). 
Therefore, the data suggest that younger (£V3) corn leaf growth stages sus­
taining defoliation levels similar to the 1982 experiments and limited 
(either physiologically or environmentally) in their capacity to maintain 
normal leaf expansion after defoliate injury may experience significant re­
ductions in leaf size and ultimate plant yield. 
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SUMMARY 
Field experiments consisting of corn plants infested with AW larvae 
of varying ages and densities were conducted in Iowa to ascertain how lar­
val feeding behavior affects corn growth, development, and ultimate yield. 
Under favorable environmental conditions (1982) AW larval feeding was 
light to moderate, with sixth instars consuming nearly 20% of a plant's 
total foliage. During hot (^31°C), dry periods (1983), however, larval 
feeding behavior decreased appreciably. AW sixth instars exhibit an 
immediate and dramatic adverse reaction to these high temperatures. This 
reaction may be attributable to larval dispersal; however, information 
from 1983 larval recovery data (Table 5) and previous laboratory studies 
by McLaughlin (1962) indicate a direct relationship between high tempera­
ture susceptibility and instar duration. Additionally, Meyer (1951) and 
Guppy (1961) report that temperatures exceeding 31°C may affect develop­
ment of all AW instars or result in death of the larvae. These high tem­
peratures may also affect a number of other components involved with AW 
larval populations on corn in Iowa. These components include parasitoid 
development and survival, corn growth response to AW feeding early in the 
season, corn reproductive capacity, and ultimate grain yield. 
Although results of this experiment downgrade the importance of corn 
defoliation injury by early summer AW larval populations on conventionally-
tilled field corn in Iowa, they provide a benchmark for further studies on 
AW larval populations in no-till or reduced tillage corn ecosystems. 
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Table Al. Summary of 1982 analysis of variance on adjusted yields of the 
various arrnyworm instar and density infestation levels (unin-
fested check not included) 
Source Degrees of freedom 
Mean 
squares F-value 
Replications 2 62.75 1.2 
Instar 2 162.35 3.14 
Error (a) 4 51.75 
Density 2 34.75 .12 
Density x Instar 4 89.1 .30 
Error (b) 12 296.1 
Table A2. Summary of 1983 analysis of variance on adjusted yields of 
the various arrnyworm instar and density infestation levels 
(uninfested check not included) 
Source Degrees of freedom 
Mean 
square F-value 
Replications 2 234.4 1.10 
Instar 2 2539.9 11.9* 
Error (a) 4 212.9 
Density 2 382.6 .33 
Density x Instar 4 445.5 .39 
Error (b) 12 1142.6 
•Denotes significance at the 0.05 level of probability. 
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Table A3. Analysis of variance using orthogonal comparison of armyworm 
larval infested and unfested corn plants, 1983 
Source Degrees of freedom 
Mean 
square F-value 
Replication 2 181.5 3.07 
Instars 3 692.2 11.73** 
Contrasts^ 
Check vs. Treatment 1 385.5 6.53* 
Instar 4 vs. Instar 5 1 1507.3 25.53** 
Instar 5 vs. Instar 6 1 58.9 1.00 
Check vs. Instar 4 1 1548.8 26.23** 
Check vs. Instar 5 1 0.28 0.0 
Check vs. Instar 6 1 67.3 1.14 
Error 6 59.0 
^Check vs. Treatment = un infested check compared to combined instar 
mean. 
*Significant at the 0.05 level of probability. 
**Significant at the 0.01 level of probability. 
Table A4. Summary of the analysis of variance on 1983 mean adjusted yields 
for screen-covered and uncovered field corn infested with army-
worms of various ages and densities 
Source Degrees of freedom 
Mean 
square F-value 
Replications 3 219.6 .53 
Treatments® 4 261.4 .63 
Error (a) 12 414.5 
PIot-type^ 1 465.6 2.33 
Treatment x Plot-type 4 588.9 2.95 
Error (b) 15 199.7 
^Treatment = All possible instar x density corribinations. 
'^Plot-type = Screen-covered vs. uncovered corn. 
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Table A5. Analysis of variance using orthogonal comparisons of 1983 
mean yields of screen-covered and noncovered field corn infested 
with arinyworms of varying ages and densities 
Source Degrees of freedom 
Mean 
square F-value 
Replication 3 219.6 .53 
Treatments^ 4 261.4 .63 
Instar 4 vs. Instar 5 1 718.6 1.73 
Density 6 vs. Density 12 1 309.1 .75 
Instar x Density 1 9.5 .02 
Check vs. Treatment 1 8.5 .02 
Error (a) 12 414.5 
PIot-type^ 1 465.6 2.33 
Treatment x Plot-type 4 588.9 2.95 
Plot-type X Density 1 4.9 .02 
Plot-type X Instar 1 607.1 3.04 
Plot-type X Density x Instar 1 836.5 4.19 
Plot X Check vs. Plot x Treatment 1 907.3 4.54** 
Error (b) 15 199.7 
^Treatment = All possible instar x density combinations. 
' 'Plot-type - Screen-covered vs. uncovered corn. 
**Significant at the 0.01 level of proability. 
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Table A5. Analysis of variance of percentage defoliation of corn infested 
with arniyworm larvae of varying ages and densities (uninfested 
check not included), 1982 
Source df MS F-value 
Replication 2 95.2 1.18 
Instar 2 608.1 7.57* 
Error (a) 4 80.3 
Density 2 626.8 6.93** 
Instar x Density 4 38.4 .42 
Error (b) 12 90.4 
Day 4 125.3 4.47* 
Instar x Day 8 72.87 2.60 
Density x Day 8 17.4 .62 
Instar x Density x Day 16 28.1 1.00 
Error (c) 72 28.0 
Corrected Total 134 
*Significant at the 0.05 level of probability. 
**Significant at the 0.01 level of probability. 
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Table A7. Analysis of variance of percentage defoliation of corn infested 
with arqyworm larvae of varying ages and densities (uninfested 
check not included), 1983 
Source df MS F-value 
Replication 2 .52 .02 
Instar 2 86.1 4.03 
Error (a) 4 21.4 
Density 2 3.86 .57 
Instar x Density 4 2.18 .32 
Error (b) 12 6.75 
Day 4 20.5 5.10* 
Instar x Day 8 4.59 1.14 
Density x Day 8 8.72 2.17 
Instar x Density x Day 16 1.97 .49 
Error (c) 72 4.02 
Corrected Total 134 
•Significant at the 0.05 level of probability. 
